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PREFACE 


The International [library of 'rechii(»loj;y is the outgrowth 
of a large and increasing demand that has arisen tor the 
Reference Libraries ut the Iniernational (..orrespoiidence 
Schools on the part of those who are not students of the 
Schools As the volumes . omposing this Library are all 
printed from the same plates nseil in ])riiiting the Reference 
Libraries above mentioned, a few words arc necessary 
regarding the scopi' ,ind purpose: of the instrin’tion imparted 
to the students of -and the class of students taught by — 
these Scliools, in order to afford a clear understanding of 
their salient and unnjue fcatui'es. 

The only rerpiircmeut for admission to any of the courses 
offered by the International Correspondence Schools is that 
the applicant shall be able to read the English language and 
to write It sufficiently well to make his written answers to 
the questions asked him inUdligiblc. Each course is com- 
plete in itself, and no textbooks arc required other than 
those prepared by the Srhools for the particular course 
selected. The students themselves are from every class, 
trade, and profc.ssion and from every country; they are, 
almost without exception, busily engaged in some vocation, 
and can spare but little time for study, and that usually 
outside of their regular working hours. The information 
desired is sucli as can be immediately ajiplied in practice, 
so that the student may Ire enabled to exchange his 
present vocation for a more congenial one or to rise to a 
higher level in the one he now pursues. Furthermore, he 
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wishes to obtain a j^ood workinj^ knowledge of the subjects 
treated in th(j shortest time and in the most direct manner 
possible. 

In meeting these requirements, we have produced a set of 
books that in many respects, and particularly in the general 
plan followed, are absolutely unique. In the majority of 
subjects treated the knowledge of mathematics required is 
limited to the simi)]est principles of arithmetic and men- 
suration, and in no case is any greater knowledge of 
matheunatics needed than the simjilest elementary principles 
of algebra, geometry, and trigonometry, with a thorough, 
practitail acciuaintance with the use of the logarithmic 
table. To effect this result, derivations of rules and 
formulas are omitted, but thorough and complete instruc- 
tions arc given regarding how, when, and under what 
circumstances any particular rule, formula, or process 
shouhl lie aj)j)lied; and whenever possible one or more 
examples, such as would be likely to arise in actual practice 
— together with their solutions — an* given to illustrate and 
explain its application. 

In prejiaring these tcxtlK»oks, it has been our constant 
endeavor to view the matter from the student’^ standjioint, 
and to try and anticipate everything that would cause him 
trouble. The utmost pains liavc* been taken to avoid and 
correct any and all ambiguous exprc.ssicms — both those due 
to faulty rhetoric and those due to insuflu'iency of statement 
or explanation. As the best way to make a statement, 
explanation, or description clear is to give a picture or a 
diagram in connection with it, illustrations have been used 
almost without limit. The illustrations have in all cases 
been adapted to the requirements of the text, and projec- 
tions and sections or outline, partially .shaded, or full-shaded 
perspectives have been used, according to which will best 
produce the desired results. Half-tones tiave been used 
rather sparingly, except in those cases where the general 
effect is desired rather than the actual details. 

It is obvious that books prepared along the lines men- 
tioned must not only be clear and concise beyond anything 
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heretofore attempted, but they nuist alno possess unequaled 
value for referetue purposes. They not only iifive the max- 
unuin of information in a ininimmn spa»'e, but this inforina* 
tio!i is so ingeniously arranged and correlated, and the indexes 
are so full and complete, that it can at «nu'e t)C ina<le avail* 
able to the reader, 1'he ihihutous exainpleN ami explanatory 
remarks, together with the *il)M‘n('e of long demonstrations 
and abstruse mathematical <'aIculation,s, aie of great assist* 
ance in htdping one to select the pioper formula, method, 
oi process and in teaehing him how ami when it should 
be used. 

Complete instnii't ions icgarding eh'ctric tiansmi.ssion, 
electric' lighting, .uid the wn ingot biniclings toi light and 
power are giviui in this voliiim' In lint portion relating to 
electric transmission the various systems of transmitting 
eleclru'al en<*igy, both by diMM't and allmmating ('urrent, arc 
exj)laine(l in the gieatc sl detail In Electric lighting all the 
iinjiortant systems of dislribuiicm «ire dcsc'ribed, and special 
attention is givc*n to (‘ludost'd are lamps and their operal ion. 
Arc-la[n[) (Mairn'ctions are explainecl m<»re dually than in any 
textbook bei’etolore ])ublish<*d, and lli<‘ same is true regard- 
ing arc Iiglu switc'hlioards. In presenting the subject of 
Interior Wiring the <d»je<'t has been to show how w^ork should 
be (lone in order to ])e safe and in at cordam e with the ITndcr- 
writers’ recjmrenKuils. Intt*nor Wiring is a branc'h that has 
been sadly neghicted in nearly all c'leelric'al t(*xtl)ooks, and 
the {)resent papers arc easily the best lrcatis<‘ that has yet 
appeared on tiui subject. This volume will be found 
extremely convenient for l(»<iking up wiring formulas and 
tables, special pains having been taken to arrange these in 
the most convenient form. 

The method of nuinberirig the pages, cuts, articles, etc. is 
such that each subject or part, when the subject is divided 
into two or more parts, is compl<*te m itstdf* hen<‘e, in order 
to make the index intelligible, it was ncct^ssary to give each 
subject or part a number This number is placed at the top 
of each page, on the h<*adline, opposit<J the page number; 
and to distinguish it from the page number it is preceded by 
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the printer's section mark (§). Consequently, a reference 
such as g 1(), page will he readily found by looking along 
the inside edges of the headlines until § Id is found, and 
then through g J(> until page 20 is found. 

Intkrnatkjnal 'riiXTHooK Company, 
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ELKCTRIC TRANSMISSION 

(PART t ) 


IN THC)l)r< TOUV. 

1. Klootrlo tniiiNinIswIoii may l)e deiined as the trans- 
ferring of power fnun (»nc point to another l)y means of 
electricity The power so lransmitt(‘<l may l>e used for any 
of the numerous applications to which electricity is now 
adapted, siu h as operating motors, li|»(hts, electrolytic plants, 
etc. The distance ovt*r which the fK>wer is transmitted 
may vary from a few f<*ci, as in facdories, to siJV’erul miles, 
as in some of the modern lonK“<l^tance transmission plants. 

A power-transmission system consists of three essen- 
tial parts: (a) The stati<m rontaininR the necessary dyna- 
mos and prime movers for ^eneratinjr the electricity; {b) the 
line for carrying* the current to the distant point; and (r) the 
various receiving devices by means of which the ]:K>wer is 
utilized. 

3. Electric transmission may Ikj carried out either by 
using the direct current, the alternating current, or a com- 
bination of the two. fJenerally si^eaking, in cases where 
the transmission is fairly .short, the direct current is used. 
When the distance is lonR, it is best to use the alternating 
current. In cases where the distance is hmg and where 
alternating current is not well adapted to the operation of 
the receiving devices, the current transmitted over the line 
is alternating, and this current is changed to direct current 
at the distant end and there distributed, thus forming a 

8 o 
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combination of the two systems. The special applications 
of electric transmission to railway and lighting work will be 
taken up later in connection with those branches of the 
^subject; for the present, the object is only to bring out 
a few important points relating to the subject of elec- 
tric-power transmission generally. Practically, all electric- 
power-transmission plants, whether direct or alternating, 
use constant-potential dynamos, i. e., the dynamos in the 
power station maintain a nearly constant pressure and the 
current varies with the load. 

4. Power transmission is extensively used in connection 
with water-powers that would in many cases be of little 
use on account of their being located away from railways or 
commercial centers. It is also coming into use largely in 
factories to replace long lines of shafting and numerous 
belts, which are wasteful of power. Its most extensive use, 
however, is in connection with the operation of street rail- 
ways, where the power is transmitted from the central sta- 
tion to the cars scattered over the line. The style of 
apparatus used will depend altogether on the special kind of 
work that the plant is to do, and the type best adapted for 
a given service will be taken up when the different trans- 
mission systems are treated later. 


THE POWER STATIOlSr. 

5. The power station is a building intended for the 
reception of all the apparatus necessary for the economical 
and reliable generation of power and its transformation into 
electric energy for transmission to the points where it is 
to be used. It is usual, where ground is not expensive, to 
build a one-story structure, providing room for offices, stores, 
machinery, etc. , or a separate building may be erected for 
offices and stores. 

6. Prim© Movers. — At present there are three kinds of 
prime movers in common use for electric-power-transmission 
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work. These are steam en^ines^ waterwheels, and 
or oil eiijf Ines. Steam is used more as a source of power 
than either water or gas, but the development of long- 
distance power transmission has greatly increased the use of 
water-power, and the gas engine is rapidly gaining in favor. 


STEAM PXAJSTTS. 

Eng^lnes. — The type of engine that is most suitable 
for a power station depends entirely on the size of the 
system and on the general requirements of the service. 
The closest speed regulation under widely varying loads is 
obtained with high-speed, automatic cut-off engines, and 
this class is, therefore, particularly suitable for small electric 
railways and lighting plants. A little consideration will 
show that such .systems may furnish extremes of load at 
very short intervals; for if there were on a small railroad 
only one car in service, the station load would be zero (or 
simply the friction of the moving machinery) when the car 
was at rest and a maximum when it was starting on a 
heavy grade. Again, in a small lighting plant, a large pro- 
porjiion of the lamps may be turned on or off at once, thus 
causing great fluctuations in the central-station load. In 
general it may be stated that the larger the system, the 
nearer will the load approach a constant normal value. In 
very large systems the load will be a maximum at certain 
hours of the day or night, and will gradually fall to a mini- 
mum at other hours. For such an installation, it is best 
to use low-speed Corliss engines and run them with con- 
densers, if water for this purpose is readily available. In 
large plants it is now customary to use large, low-speed 
Corliss engines, either of the horizontal or vertical type, the 
latter being preferable where the floor space is limited. 

8. Boilers. — The boilers in most general use are those 
carrying the water in tubes and called water-tube boilers, 
the reason for the preference being that they steam rapidly 
and will therefore respond quickly to extra demands made 
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upon them. Many stations are, nevertheless, equipped with 
return-tubular boilers, which give entire satisfaction. For 
steady work, this type is preferred by many station man- 
agers, as the steam pressure in a water-tube boiler will fall as 
easily as it rises, if the boiler is not properly fired ; on the 
score of safety, however, water-tube boilers are doubtless 
superior. When space is very limited, vertical boilers are 
sometimes put in. 

Mechanical stokers are much used when it is desired to 
burn fine coal, and in such cases generally prove economical ; 
also, economizers may be placed in the chimney, close to the 
boilers, their function being to warm the feedwater by 
means of the waste furnace gases. The boiler room should 
be designed with a special view to the expeditious handling 
of coal and ashes with a minimum of labor. To accomplish 
this, it is well to deliver the coal from a railroad car and 
unload directly into bunkers, from which it can readily 
be supplied to the several boilers. These bunkers should 
have storage capacity for at least 15 days, unless there is 
another large supply easily accessible. A subway may be 
built beneath the ash-pits, and these may be fitted with 
doors to open downwards, through which the ashes can be 
swept into a small car running on a track beneath. This is 
a refinement of practice perhaps justifiable only in the case 
of very large plants. 

Provision must be made for a plentiful supply of v,rater. 
It is not always well to trust entirely to city mains, although 
this source is usually reliable. When the station is not 
located near running water, it may be found advisable to 
sink a well, from which water may be pumped into a tank 
and the water from the mains used only in cases of emergency. 

9 . Steam Pipin^g. — The steam piping for the station 
should receive the most careful thought, as it is of the great- 
est importance, and on its correct design will depend the 
prime requisite of successful operation, which is, that under 
no circumstances should there be failure of the current supply 
to the lines. Some of the engines in many power stations 
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must be kept turning all the time. The simplest means of 
connection is to supply steam to each engine from an inde- 
pendent boiler, but the objection to this is that, in the 
event of trouble with any boiler necessitating repairs, its 
engine would also be put out of service. To overcome this 
difficulty, the boilers might all be connected together by a 
steam main, as at w, Fig, 1 ; this is provided with stop 



Fig. 1. 


valves which, with the valves at the engines and 

those at the boilers afford a means of disconnecting any 
engine or boiler without affecting the rest of the plant. 
This system is the cheapest reliable one, but is not the safest, 
because there is no duplication of pipes, and if one were to 
burst or otherwise get out of order, the engine or boiler 
connected to it would be put out of service. 
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10 . There are two principal methods of installing a 
duplicate system, and they differ at first sight only in point 
of size of pipes. A diagram of the arrangement is shown in 
Fig. 2. Two mains in, in, run the whole length of the 
boiler room, being connected on one side with leaders to the 
I>oilers a, b, c, and on the other with leaders passing through 



the fire-wall w to the engines. These connecting pipes, it 
will be seen, are all in pairs, and start from the two mains; 
each one is provided with a. stop valve v at the end, and 
every pair terminates in a cast-iron Y, both at the drum of 
the boiler and at the engine. This system, therefore, pro- 
vides a double path for the steam between any engine and any 
boiler, and renders almost wholly improbable a suspension 







§ 14 ELECTRIC TRANSMISSION. 7 

of operation due to accident to the steam-power gener- 
ating plant. The difference alluded to between the two 
methods of duplicating is that in one system, pipes are pro- 
vided of such size that one set alone will carry the steam for 
the engines and the duplicate piping is held as a reserve, 
while in the other, the pipes are of smaller size and are in 
use all the time, their combined area of cross-section being 
necessary for delivering the steam at the determined pres- 
sure. The first system is used quite frequently, but has, 
nevertheless, many disadvantages. It is impossible to keep 
the valves connecting with the reserve piping closed so 
tightly that no steam will leak past, and there is always a 
pressure indicated on the gauge. The exposure of all this 
surface to condensation, even though protected by non- 
conducting covering, entails a continual waste of energy, 
and the drips always have to he left open to prevent the 
pipes filling up with water. Then, the first cost of such a 
system is considerably higher than if the smaller pipes were 
used, and repairs are more expensive. It may also happen 
that an engineer will habitually use one set of pipes alone for 
a long period, and when an accident compels him to close 
this set, he finds that the valves of the auxiliary piping have 
become seated through rust or deposits from the water and 
are immovable, and a shut-down is the result. With the 
second system, the exposed surface of pipes is leSvS, both 
sides are in service continually, and if an accident should 
occur to one branch, the remaining branch will furnish 
steam until a repair is accomplished. There would be, 
through the one pipe, a greater drop in pressure, but this 
would easily be remedied by closing the valves or 

communicating with the rest of the system and run- 
ning one boiler at a higher pressure for a time. Other 
methods of piping are sometimes resorted to, but these two, 
as illustrated in Figs. 1 and will generally be found to 
satisfy the conditions of simple connections on the one hand 
or the more expensive but more .reliable construction on the 
other. Generally speaking, it may be said that the use of 
duplicate steam piping is not as popular as it once was. 
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Some of the most modern power plants do not use duplicate 
piping, but take great care to see that everything connected 
with the single piping is of the best possible quality and has 
a large factor of safety. If proper care is taken in selecting 
the material and installing the piping system, there should 
be. little need of putting it up in duplicate. 

11 . General Arrangfemeiit. — The general arrangement 
of a steam plant depends very largely on the style of machin- 
ery used. In any event, 
the boiler room and engine 
room should be separated 
from each other by a fire- 
wall with fireproof com- 
municating doors. The 
complete separation of these 
departments will prevent 
accumulation of dust on the 
dynamos and engines due 
to the handling of coal and 
ashes. In some cases, where 
ground space is limited, the 
engines are placed on one 
floor and the dynamos on 
the floor above, the power 
being transmitted by means 
of belts. One method uses 
individual driving from 
each engine to one or two 
dynamos located directly above, but a better one is to 
make use of countershafts on the engine or dynamo floor, or 
both. These countershafts are divided into sections, and 
fitted with friction pulleys in such a way as to permit of any 
desired combination of engines and dynamos, an arrange- 
ment best calculated to ensure uninterrupted service. A 
simple example of such an installation is shown in Fig. 3, 
the lower view being an elevation. The engines are on the 
lower floor and the countershaft c on the upper floor, directly 
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above the flywheels and connected by belting to the dyna- 
mos d. Two engines are indicated, their flywheels w 
being dotted in the plan. 



12, Another plan showing the general arrangernent of 
machinery and boilers for a small station is given in Fig. 4. 
The engines ^ are placed near the walls, allowing the 
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whole center of the room for the dynamos d. At one end is 
the countershaft a c, which may be divided and fitted with a 
coupling at f for disconnecting one-half of t^ie generati’^ 
plant when the load is light. The switchboard s shoula 
near the dynamos, but not so close as to be liable to injur 
from a broken belt. Beyond the fire-wall are the boilers 
arranged so that the distance from them to the engine shall 
be as small as possible, to avoid condensation of steam in 
the pipes. 

13. The two foregoing plans using belts and counter- 
shafts were largely used at one time, but the countershaft 
in electric-power plants is rapidly going out of existence. 
The countershaft not only involves a certain waste of 
power, but it also necessitates the use of a large amount of 
belting. Now that dynamos are built to run at lower speeds 
than formerly and are made in larger sizes, the need of a 
countershaft does not exist to the extent it once did. In 
medium-sized plants it is now customary either to belt each 
dynamo directly to its engine or, what is still better, to 
have the armature of the dynamo mounted directly on the 
shaft of the engine. This last method of direct driving is 
becoming almost universal in all large, modern plants. 
The dynamos used for direct connection must, of course, 
run slower than those driven by belt, because their speed 
must suit that of the engine. This means that a direct- 
connected dynamo must be larger, heavier, and more expen- 
sive for the same output than the belt-driven machine. 
The first cost of the direct-connected machine is, therefore, 
greater than the belt-driven one. This extra expense is to 
a certain extent offset by the absence of belting and the 
decreased wear and tear on the machinery due to the low 
speed of operation. A great saving in floor space is also 
gained by using direct-connected generating sets, and this 
saving of space is an important item in large cities, where 
ground is very expensive. For small plants, where the 
first cost must be kept down and where economy of space is 
not necessary, belted units are still installed in many cases. 
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14 . Fig. 5 shows the arrangement of a typical modem 
central station designed for a large output. The gener- 
'•tors G are of the multipolar type and are driven directly 
j fthe large vertical engines. An electric traveling crane E 
runs the whole length of the dynamo room, so that parts of 
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type. The hot furnace gases pass through the economizer// 
on their way to the stack, and thus heat up the feedwater 
before it enters the boilers. Coal is delivered to the hop- 
per C by means of the conveyer and from C it is fed 
to the boilers by means of the chute M and the auto- 
matic stoker g. All the power required for the stokers, 
coal-handling machinery, etc. is supplied by electric motors. 
The hot water from the condenser is conveyed to a tower A, 
where it is allowed to fall and come in contact with a cur- 
rent of air set up by fans. The water is cooled by this 
means, and may be used over again for condensing purposes. 
The general tendency is towards a centralization of electric 
light and power plants, while the former practice was to use 
a number of smaller plants, each located near the district to 
be supplied. The consequence is that city plants are con- 
tinually increasing in size, and the plant shown in Fig. 5 is 
a very fair example of one of these more recent installations. 


WATER-POWER PEANTS. 

15 . The general arrangement of a water-power plant 
must be made to fit the particular water-power that is used 
to run the plant. In most cases the station is situated at 
or near the stream supplying the power, and the type of 
waterwheel used must be adapted to the head or fall of 
water obtainable. For electric-power-transmission work, 
two kinds of waterwheels are in common use, turbines and 
tangential or impulse wheels. The former are used in by 
far the greater number of cases, but the latter are especially 
adapted for use in connection with the high heads met with 
in mountainous districts. Where waterwheels are used in 
connection with electric-power-transmission plants, they are 
frequently coupled directly to the dynamo. The wheel 
itself in such cases may be of the vertical or horizontal 
type, but the latter is by far the more common, because it 
permits the use of ordinary types of dynamo. The most 
notable example of vertical turbines direct-connected to 
dynamos is the Niagara plant, part of which is shown in 
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section in Fig. 6. The water from the canal C flows into 
the head-race H and thence to the turbines T through the 
penstocks P. The wheels are placed at the bottom of the 



Fig. 6. 


wheel pit and the revolving fields of the generators G are 
carried by the vertical shaft. The water, after leaving 
the wheels, drops into the tail race R and passes, ojff through 
the tunnel F to a point below the falls. 

16* Horizontal Turbines. — Pig. 7 shows a typical 
arrangement of a horizontal turbine, or rather a pair of tur- 
bines. In many cases these turbines are direct-connected 
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to the dynamos, an arrangement that is becoming very 
common in water-power-transmission plants, where the con- 
ditions are suited to this method of operation. It is very 
compact, and there is no belting or gearing of any kind. 
Sometimes the turbine and dynamo are both mounted on the 
same base, while in other plants the turbines are arranged in 



Fig. 7. 

one room, and the machines are driven by the shafts which 
extend through into a separate dynamo room. When the 
dynamos have to run at a high speed, it is necessary, of 
course, to use belting. In a great many plants the dyna- 
mos are driven by vertical turbines through belting or gear- 
ing, but the horizontal type is gradually replacing the 
vertical type for this kind of work. 


GAS-ENGINE PLANTS. 

17. Gas engines and oil engines have in the past been 
used to but a very liihited extent in America in connection 
with electric-power-transmission plants. One of the objec- 
tions to such engines was that they did not give a steady 
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speed, and, hence, caused fluctuations in voltage. This has 
been overcome in the later types of engine, and the gas 
engine will no doubt come largely into use in connection 
with electrical work. Power can be obtained from coal 
cheaper by converting the coal into gas and utilizing this 
gas in a gas engine than by burning the coal under a boiler 
and using a steam engine. In a gas-engine plant, the 
boilers would be replaced by gas producers and the steam 
engines by gas engines. In some few cases natural gas is 
available, but generally a gas-producing plant would have 
to be provided. The general arrangement of such a station 
would be practically the same as that already described for 
a steam plant. 


MXE CONDUCTORS. 

18. Before going on with a consideration of the princi- 
ples involved in electric-power transmission, it will be well 
to take up briefly the properties of the metals used as con- 
ductors. The line wire is, in the vast majority of cases, of 
copper. Aluminum is now coming into use for this pur- 
pose, and in the future it may replace copper for some lines 
of work. Iron or steel is seldom used for a line conductor, 
because its resistance is too high. There is one particular 
case, however, in which it is largely used as a return con- 
ductor, and that is in connection with electric railways, 
where the current is led back to the power house through 
the rails. 


COPPER CONDUCTORS. 

19. Bare and Insulated Wires. — Line conductors are 
usually in the form of copper wire of round cross-section 
whenever the conductor is of moderate size. For conductors 
of large cross-section, stranded cables are used, made up of a 
number of strands of small wire twisted together. This con- 
struction makes the conductor flexible and easy to handle. 
When these wires or cables are strung in the air, they are 
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usually insulated by a covering that consists of two or three 
braids of cotton, soaked in a weather-proof compound com- 
posed largely of pitch or asphalt. If a better insulation is 
required, the wire is first covered with a layer of rubber and 



Fig. 8. 


the braid applied over it. For underground work, the con- 
ductor is first insulated with rubber or paper soaked in com- 
pound and the whole covered with a lead sheath to keep out 



Fig. 9. 

moisture. Fig. 8 shows a stranded cable for underground 
work provided with an insulating layer of paper and a lead 
sheath. Fig. 9 shows an ordinary triple-braid weather-proof 



Pig, 10. 


overhead line wire, and Fig. 10 a weather-proof overhead 
cable* When the pressure used on the line is very high, say 
10,000 volts or over, bare wires are often used, because the 
ordinary weather-proof insulation is of little or no protection 
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against such pressures and only gives a false appearance of 
security. The practice for such lines is, therefore, to use 
bare wire and to insulate this wire thoroughly by means of 
specially designed insulators. 


WIRE GAITGES. 

20. Various standards or wire ^aiijaccB have been 
adopted by different manufacturers, but the safest and best 
way is always to express the diameter of a wire in niils^ or 
thousandths of an inch, and its area of cross-section in circu- 
lar mils. The American, or Brown & Sharpe, gauge is used 
almost exclusively in America in connection with electrical 
work, but it is always well to give the diameter of the wire 
as well as its gauge number, so as to avoid any possibility 
of mistake. 

21. Circular Measure. — The diameter of a wire is 
usually expressed either as a decimal part of an inch or in 
terms of a unit called the mil. A mil is equal to one-thou- 
sandth of an inch, i. e., 1 mil = .001 inch. For example, if 
a wire were two-hundredths of an inch in diameter (.020^), it 
would have a diameter of 20 mils. 

22. A circular mil is a unit of area used in expressing 
the area of cross-section of wires. It will be seen later that 
a simple relation exists between the diameter of a wire and 
its area of cross-section expressed in circular mils, so that if 
either one of these quantities is known the other can be 
readily obtained. If the diameter of a circle is d inches, its 
area in square inches is d^ x .7854. If d is expressed in 
mils, the area, calculated in the same manner, will be given 
in square mils. 

23* The square inch is not a convenient unit to use 
for expressing the area of cross-section of wires because, in 
the first place, it is too large, and, in the second place, 
the quantity .7854 makes the calculations awkward to per^ 
form rapidly. In order to get around these difficulties, the 
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circular mil is used for expressing the area of cross-section. 
The circular mil is the area enclosed by a circle of which the 
diameter is one mil, or one one-thousandth of an inch. Its 
area is therefore X .7854, or .0000007854 square inch. 

Suppose now that we have a wire the diameter of which 

is d mils. Its area in square inches will be ^ X .7854. 

But we have seen above that the area of 1 circular mil 
is .0000007854 square inch, hence the number of circular 
mils that there must be in a wire of diameter d mils 


V 1,000/ 


X .7854 


is — Ta or, the mimbcr of circular mils 

vTimi) X .7854 

cross-section of a zvire is equal to the square of its diameter 
expressed in mils. If, then, we know the diameter of any 
wire, we can at once obtain its area in circular mils by 
expressing the diameter in mils and squaring it. 


Example 1. — A round wire has a diameter of .036 Inch; what is its 
diameter in mils and its area in circular mils ? 

Solution. — Since 1 mil = .001 inch, the diameter will be 86 mils. 
Circular mils = = 36’^ = 1,296. Ans. 


Example 2. — What would be the area of the above wire in square 
mils? 

Solution. — Area in square mils ~ X .7854, where d is the diam- 
eter in mils. Hence, square mils — d^ X .7854 = 1,296 X .7854 = 1,018, 
nearly. Ans. 

Example 3. — Find the area in circular mils of a round copper rod 
I inch in diameter. 

Solution. — } inch = .250 inch = 260 mils; hence, area in circular 
mils = 250* = 62,500. Ans. 

Example 4. — Find the area in square mils of a i-inch square, 
copper bar. 

Solution. — ^ inch =: .500 inch = 600 mils. Area in square mils 
= 500 X 600 = 250,000. Ans. 

Example 5. — A round rod has an area of 125,000 circular mils: what 
is Its diameter in mils ? 

Solution. — We h ave area i n circular mils = ^-, or d 
|/area in circular mils = |/125,U00 = 354 mils, nearly, or about .354 in. 

Ans 



TABIM 1 . 


BIFITEREXT STANBABBS FOB WIRE OAtTGE. 

Dimensions of IVires in Decimal Parts of an Inch. 


Number of 
Wire Gauge. 

American, or 
Brown & 
Sharpe. 

Birmingham, 
or Stubs. 

Washburn & 
Moen M’f'g 
Co.. Wor- 
cester, Mass. 

Trenton Iron 
Co.. Trenton, 

N. J. 

G. W. Pren- 
tiss, Holyoke, 
Mass. 

j 

Old English, 
From Brass 
Mfrs’. List. 

British 

Standard. 

Number of 
Wire Gauge. 
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.4600 
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.4300 
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.460000 

.454 i 

.3930 

.4000 
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ooo 
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.425 1 

.3620 

.3600 

.3586 



000 

oo 
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.3310 

.3300 

.3282 



00 

o 

.324860 

.340 

3070 

.3050 

.2994 



0 

I 

.289300 

.300 

2830 

.2850 

.2777 



I 

2 

.257630 

.284 

.2630 

.2650 

.2591 



2 

3 

. 229420 

259 

2440 

.2450 

.2401 



3 

4 

.204310 

.238 

.2250 

.2250 

.2230 


.2320 

4 

5 

. 181940 

.220 

.2070 

.2050 

.2047 


.2120 

5 

6 

.162020 

.203 

. 1920 

1900 

.1885 


.1920 

6 

7 

. 144280 

. 180 

.1770 

.1750 

.1758 


.1760 

7 

B 

. 128490 

.165 

. 1620 

1600 

.1605 


. 1600 

8 

9 

.114430 

.148 

. 1480 

.1450 

.1471 


.1440 

9 

10 

. 101890 

•134 

.1350 

.1300 

.1351 


.1280 

lO 

II 
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. 120 

. 1200 

.1175 

.1205 


.1160 

II 

12 

. 080808 

. log 

. 1050 

.1050 

. 1065 


.1040 

12 

13 
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.095 
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0925 

.0928 
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13 

14 
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.0800 
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15 
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15 
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.050820 
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16 
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40 
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41 
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24. The Brown & Sharpe Gauge. — This gauge is 
usually termed the B. & 8. gauge, and is generally used in 
the United States for designating the sizes of copper wire. 
The sizes of wire as given by this gauge range from No. 0000, 
which has a diameter of .460 inch, to No. 40, which has a 
diameter of .0031 inch; the higher the gauge number the 
smaller the wire. The rule by which the sizes of wire increase 
as the gauge number diminishes is a very simple one. If 
we take any given gauge number as a basis of compari- 
son, a wire three numbers higher will have very nearly half 
the cross-section, and one three numbers lower will have 
twice the cross-section. For example, a No. 4 wire has 
twice the cross-section of a No. 7, and a No. 10 has one-half 
the cross-section of a No. 7. 

25. Another point that is useful to bear in mind in 

reference to the B. & S, gauge is that a No. 10 wire has a 
diameter of very nearly yV its resistance 

per 1,000 feet is almost exactly 1 ohm. By remembering the 
foregoing properties of this gauge and the figures relating 
to the No. 10 wire, rough calculations may be made as to 
the diameter and resistance of other sizes. It is better, 
however, to consult a good wire table than attempt to 
burden the mind with a lot of rules. A number of other 
gauges are in use, and as the student may sometimes find 
wires given in terms of these. Table I is given, showing the 
diameters of wires according to the different gauges. 

26. Table II gives the properties of copper wire accord- 
ing to the B. &. S. gauge. Sizes smaller than No. 14 are 
seldom used for electric transmission, but the complete 
table is given for reference, as the small sizes are largely 
used in connection with the windings of various types of 
electrical apparatus. The resistances as given in this table 
are based on the standard used by Matthiessen in his experi- 
ments; if the purity of the copper is not up to this standard, 
its resistance may run somewhat higher than the values 
given in the table, but the difference will not be very great, 
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because copper wire, as now manufactured, is remarkably 
pure. All the weights given are, of course, for bare copper 
wire. 

27 * Table III gives the approximate weights of weather- 
proof line wire, such as is used for ordinary outside lines. 


TABLE III. 


APPROXIMATE WEIGHTS OF WEATHER-PROOF WIRE. 
(American Electrical Works,) 


Triple-Braided Insulation. 


Size. 

Feet per 
Pound. 

Pounds per 
1,000 Feet. 

Pounds 
per Mile. 

Carrying Capac- 
ity, Amperes, 
National Board 
Fire Underwriters. 

4-0 

1.34 

742 

3,920 

312 

3-0 

1.64 

609 

3,215 

262 

2-0 

2.05 

487 

2,670 

220 

0 

2.59 

386 

2,040 

185 

1 

3.25 

308 

1,625 

156 

2 

4.10 

244 

1,289 

131 

3 

5.15 

194 

1,025 

110 

4 

6.26 

160 

845 

92 

5 

7.46 

134 

710 

77 

6 

9.00 

111 

585 

65 

8 

13.00 

73 

385 

46 

10 

20.00 

50 

265 

32 

12 

29.00 

35 

182 

23 

14 

38.00 

26 

137 

16 

16 

48.00 

21 

113 

8 

18 

67.00 

15 

81 

6 


u 
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TABLE III. — Continued. 


Double-Braided Insulation. 


Size. 

Feet per 
Pound. 

Pounds per 
1,000 Feet. 

Pounds 
per Mile. 

Carrying Capac- 
ity, Amperes, 
National Board 
Fire Underwriters. 

4-0 

1.40 

711 

3,754 

312 

3-0 

1.75 

570 

3,010 

262 

^0 

2.29 

.436 

2,300 

220 

0 

2.81 

355 

1,875 

185 

1 

3.56 

281 

1,482 

156 

2 

4.49 

223 

1,175 

131 

3 

5.45 

184 

969 

110 

4 

6.82 

147 

774 

92 

5 

9.10 

110 

580 

77 

6 

10.35 

97 

510 

65 

8 

15.52 

64 

340 

1 46 

10 

22.00 

45 

237 

32 

12 

40.00 

25 

132 

23 

14 

56.00 

18 

95 

' 16 

16 

76.00 

13 

69 

8 

18 

100.00 

10 

53 

5 


38. Table IV gives the approximate dimensions of 
stranded insulated weather-proof cables for overhead work. 
The area of cross-section of such cables is always designated 
as so many circular mils, and not by gauge number. In 
fact, any conductor larger than No. 0000 is usually desig- 
nated by its area in circular mils. Cables such as those 
given in Table IV are extensively used for street-railway 
feeders or for any other purpose requiring a large conductor. 


AIiUMINtJM COIOJUCTORS. 

3©. Mention has already been made of the fact that 
aluminum is being used for electrical conductors, because 
this metal can now be sold at a figure low enough to 
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TABLE IV^ 


STAND AKD WEATHER-PROOF FEED- WIRE, 

{Iioebling*s.) 


Circular Mils. 

Outside Diameters. 

Inches. 

Weights. 

Pounds. 

Approximate Length 
on Reels. 

Feet. 

Carrying Capacity. 

National Board 

Fire Underwriters. 

1,000 Feet. 

Mile. 

1,000,000 


3,550 

18,744 

800 

1,000 

900,000 

m 

3,215 

16,975 

800 

920 

800,000 


2,880 

15,206 

850 

840 

750,000 


2,713 

14,335 

850 


700,000 

lA 

2,545 

13,438 

900 

760 

650,000 

li 

2,378 

12,556 

900 


600,000 

4 A 

2,210 

11,668 

1,000 

680 

550,000 

lA 

2,043 

10,787 

1,200 


500,000 

u 

1,875 

9,900 

1,320 

590 

450,000 

lA 

1,703 

8,992 

1,400 


400,000 

1* 

1,530 

8,078 

1,450 

500 

350,000 

1 

1,358 

7,170 

1,500 


300,000 

H 

1,185 

6,257 

1,600 

400 

350,000 

II 

1,012 

5,343 

1,600 



compete with copper. Its conductivity is only about 60 per 
cent, that of copper, so that for a conductor of the same 
resistance a larger cross-section is required. Aluminum is, 
however, so much lighter than copper that the larger cross- 
section can be used and still compete with the latter metal, 
although the cost per pound of the aluminum may be con- 
siderably higher. Line-construction work is somewhat more 
difficult with aJuminurn than with copper; joints are more 
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difficult to make and there is greater liability of the spans 
breaking. A comparison of some of the properties of alumi- 
num and copper is given in Table V. 

TABLE V. 


COMPARISON OF PROPERTIES OP COPPER AND ADITMINUM. 



Aluminum. 

Copper. 

Conductivity (for equal sizes) 

.54 to .63 

1. 

Weight (for equal sizes) 

Weight (for equal length and re- 

.33 

1. 

sistance) 

Price, Al. 29c. ; Cop. 16c. (bare line 

.48 

1 . 

wire) 

Price (equal resistance and length, 

1.81 

1 . 

bare line wire) 

Temperature coefficient per de- 

.868 

1. 

gree F 

.002138 

.002155 

Resistance of mil-foot (20° C.) 

18.73 

10.05 

Specific gravity 

2.5 to2.G8 

8.89to8.93 

Breaking strength (equal sizes) .... 
Tensile strength (pounds per sq. in. , 

1. 

1. 

hard drawn) 

Coefficient of expansion per de- 

40,000 

60,000 

gree F 

.0000231 

.0000093 


IRON WIRE. 

30. Iron wire is used largely for telegraph and telephone 
work, but it is seldom employed in connection with electric 
transmission because of its high resistance. The approxi- 
mate value of the resistance per mile of a good quality of 
iron wire may be determined from the formula 

^ 360,000 

where d = diameter of wire in mils. 


( 1 .) 
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TABEE VI. 


DIMENSIONS AND RESISTANCE OF IRON WIRE. 


Number B. W, G. 

a 

Z M 

S II 

S “ 
s ss 

Q 

Area In Circular 
MllSrzUf*. 

Weight In 
Pounds. 

Breaking 
Strengths In 
Pounds. 

Resistance per 
at 68* P. 

Mile 

1,000 

Feet. 

One 

Mile. 

Iron. 

steel. 

E. B. H. 

B.B. 

steel . 

0 

840 

116,600 

304.0 

1.007 

4,821 

9,079 

2.98 

3.42 

4.06 

1 

800 

90,000 

287.0 

1,251 

8,758 

7,068 

3.76 

4.40 

6.20 

2 

284 

80,656 

212.0 

1,121 

8,368 

6,885 

4.19 

4.91 

6.80 

3 

259 

67,081 

177.0 

982 

2,796 

5,268 

6.04 1 

5.90 

6.97 

4 

288 

56.644 

149.0 

787 

2,861 ! 

4,449 

5.97 

6.99 

8.26 

5 

220 

48.400 

127.0 

678 

2.019 

8,801 

4.99 

8.18 

9.66 

6 

203 

41,209 

109.0 : 

573 

1,719 

8,287 

8 21 

9.60 

11.85 

7 

180 

32,400 

85.0 

450 

1,350 

2,645 

10.44 

12.21 

14.48 

8 

165 

27,225 

72.0 

378 

1,184 

2,188 

12.42 

14.68 

17 18 

9 

148 

21,904 

58.0 

305 

915 

1,720 

15.44 

18.06 

21.85 

10 

184 

17,956 

47.0 

250 

750 

1,410 

18 83 

22.04 

26.04 

11 

120 

14,400 

88.0 

200 

600 

1,131 

28 48 

i 27.48 

82.47 

12 

109 

11,881 

31.0 

165 

495 

933 

28.46 

88.80 

39.86 

13 

95 

9,026 

24.0 

125 

875 

709 

87.47 

43.85 

51.82 

14 1 

88 

6,889 

18.0 

96 

288 

541 

29.08 

57.44 

67.88 

15 

72 

5,184 

13.7 

72 

216 

407 

65.28 

! 76.83 

90.21 

16 

65 

4,225 1 

11.1 

59 

177 

382 

80 03 

93.66 

110.70 

17 

58 

8,864 

8.9 

1 47 

141 

264 

100.50 

120.40 

189.00 

18 

49 

2,401 

6.3 

83 

99 

189 

140.80 

164.80 

194.80 


For steel wire, which is often used in place of iron wire, 
this formula becomes approximately 

R = (2.) 

31* The various grades of iron wire on the market are 
termed “Extra Best Best,” “Best Best,” and “Best.” A 
steel wire is also used, which is cheaper and of higher resist- 
ance than iron. It has an advantage, however, of possess- 
ing greater tensile strength. It should not be used except 
on short lines or in special cases where it is desirable to 
J. 
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GERMAN-SILVER WIRE. 
{Jioebltn^^s.) 


Number 

B. & S. Gauge. 

Resistance per 1,000 Feet. 
International Ohms. 

Maximum Cur- 
rent Carrying 
Capacity 
in Amperes, 
wire. 

18^. 

30^. 

6 

7.20 

11.21 


7 

9.12 

14.18 


8 

11.54 

17.95 


9 

14.55 

22.63 


10 

18.18 

28.28 

8.5 

11 

22.84 

35.53 

5.4 

12 

28.81 

44.82 

4.6 

13 

36.48 

56.75 

3.8 

14 

46.17 

71.82 

3.2 

15 

58.21 

90.55 

2.7 

16 

72.72 

113.12 

2.3 

17 

93.40 

145.29 

1.9 

18 

118.20 

183.87 

1.65 

19 

145.94 

227.02 

1.21 

20 

184.68 

287.28 

.99 

21 

232.92 

362.32 

.88 

22 

295.38 

459.48 

.66 

23 

370.26 

575.96 

.55 

24 

468.18 

728.28 

.488 

25 

590.22 

918.12 i 

.434 

26 

748.08 

1,163.68 

.385 

27 

937.98 

1,459.08 

.343 

28 

1,191.24 

1,853.04 


29 

1,481.22 

2,304.12 


30 

1,891.80 

2,942.80 


31 

2,388.60 

3,715.60 


32 

2,955.60 

4 597.60 


33 

3,751.20 

5,835.20 


34 

4,764.60 

7,411.60 


35 

6,031.80 

9,382.80 


36 

7,565.40 

11,768.40 
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have great tensile strength. Table VI gives the weight, 
resistance, etc. of iron wire according to the Birmingham 
wire gauge, which is most commonly used in connection 
with iron wire. 


GERMAN-SIL.VER WIRE. 

33. German-silver wire is used principally in resistance 
boxes or electrical instruments where a high resistance is 
required. The resistance of this wire varies greatly accord- 
ing to the materials and methods of manufacture used. It 
is an alloy of copper, nickel, and zinc, and has a resistance 
anywhere from 18 to 28 times that of copper. Its resistance 
changes only to a small extent with changes in temperature, 
a feature of value in connection with rheostats and resistance 
boxes. Table VII gives some of the properties of German- 
silver wire containing 18 or 30 per cent, of nickel. 


POWER TRAKSMISSIOK BY DIRECT 
CURREI^T. 

33. Up to within a comparatively recent date, electric 
transmission for power purposes was carried out by means 
of the direct current, alternating current being used when 
the power was required for lighting purposes only. Later, 
however, alternating-current motors came into use, and at 
the present time, large transmission systems use alternating 
current both for light and power. We will first take up 
the use of direct current and see what conditions are neces- 
sary in order that power may be transmitted to the best 
advantage. 

34. Dynamos and Motors Used. — Direct-current dyna- 
mos may be either of the constant-current or the constant- 
potential type. There are but very few power-transmission 
systems operated by constant-current dynamos, so few that 
it is not worth while considering such systems. Practically 
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all the current is distributed at constant potential and, in 
America, compound-wound dynamos are generally used. 

The motors used in 
connection with such 

constant-potential sys- 

^ CompournA tems are generally of 

Wou/icf , , , 

aP the shunt type, if used 

I mine haulage, etc., they 
are of the series type. 
For some kinds of spe- 

3_f cial work, such as run- 

' ning printing presses, 

elevators, etc., com- 
jf M pound-wound motors 

t j are used, but such mo- 

•1 T tors are few in num- 

j I ber compared with the 

1^'™ I others. 


ffainSu)ftch^mA 


Um I 

-JrM— 


X—JL L 35. Simple Power- 

Starffnff I Transmission System. 

f| About the simplest pos- 

lySlI sible system of electric- 

I MfM. Switch power transmission is 

that shown in Fig. 11. 
I L: , : • j ^ Here we have a com- 

"I i pound- wound dynamo 

Shu/Tf maffi/ jI driven by means of 
engine not shown. 
This dynamo sends a 
current through the 

Ii im motor B by means of 

fig. 11. the lines J/, M, The 

dynamo is driven at a constant speed and its series winding 
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is adjusted so that the pressure at the terminals of the 
dynamo rises slightly as the current increases, due to the 
increase of the load on the motor. This slight rise in volt- 
age is to make up for the loss in pressure in the line, as 
will be explained later. The pressure at the motor as a 
whole, however, remains nearly constant, no matter what 
load the motor may be carrying, but the current supplied 
increases as the load is increased. Of course, lamps could 
also be operated on the same system, although it is advi- 
sable to have separate circuits for the lamps and motors 
whenever possible, because if the load on the motor fluctu- 
ates, it is apt to cause variations in the lights. When both 
lights and motors are operated, such a system would probably 
use a pressure of 110 volts at the receiving end of the circuit; 
if used for power alone, a pressure of 250 or 500 volts would be 
employed. It should be mentioned that when the receiving 
end of a circuit is spoken of, the end distant from the station 
is meant, because this is the end where the various devices, 
such as lamps, motors, etc., receive their current. 

36 . liost Power and Wne Drop. — In order that a 
transmission plant may be efficient, the generating appa- 
ratus, line, and motors must be efficient. Dynamos and 
motors of good make are generally satisfactory as regards 
efficiency, and the question is, how efficient can the line be 
made ? In answer to this, it might be said that the loss of 
power in the line could be made as small as we please if 
expense were no consideration. All conductors, no matter 
how large, offer some resistance to the current and there is 
bound to be some loss in power. By making the conductor 
very large we can make the loss small, because the resistance 
will be low, but a point is soon reached where it pays better 
to allow a certain amount of power to be lost rather than to 
further increase the size of the conductor. The pressure 
necessary to force the current over the line is spoken of in 
power-transmission work as the drop in the line, because 
this pressure is represented by a falling off in voltage 
between the dynamo and the distant end of the line. 
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37. If R is the resistance of the line and C the current 
flowing, the drop is, from Ohm's law, e ^ C R. The power, 
in watts, lost in the line is CRx C=C^R. The power 
lost, due to the resistance encountered by the current, reap- 
pears in the form of heat. The power generated by the 
dynamo is equal to the product of the pressure generated by 
the dynamo and the current flowing ; or, if represents the 
dynamo pressure, then 

Watts generated = = £^x C. (3.) 

The power delivered at the end of the line is equal to the 
product of the pressure at the end of the line multiplied by 
the current, or, if represents the pressure at the distant, 
or receiving, end, then 

Watts delivered = z=z E^x C, (4.) 

It should be particularly noted at this point that the cur- 
rent C is the same in all parts of the circuit. Thus, in 
Fig. 11 the same current flows through the motor that flows 
through the dynamo, unless there is leakage at some point 
between the lines, and this would not be the case if the lines 
were properly insulated. What does occur is a drop or loss 
in pressure between the station and the receiving end, but 
there is practically no loss in current except, perhaps, in a 
few cases where the line pressure is exceedingly high or the 
insulation unusually bad. This point is mentioned here 
because the mistaken idea that there is a loss of current in 
the line is a common one. 

38. We have already seen that the number of watts lost 
in the line is given by the equation 

OR. 

The lost power must also be equal to the difference 
between the power supplied and the power delivered, or 

IT, - 

= E^C^E^C 
= C{E,-E,). 
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represents the loss of pressure, or the drop, and 
it is at once seen that the greater the drop, the greater the 
loss in power. For example, a 5-per-cent, drop in voltage 
is equivalent to a 5-per-cent, loss of power in the line. 

39* In order to transmit power, we must be willing, 
then, to put up with a certain amount of loss, or, what is 
equivalent, with a certain amount of drop in the line. The 
amount of drop can be made anything we please, depending 
on the amount of copper we are willing to put into the line. 
The percentage of drop allowed is seldom lower than 5 per 
cent and not often over 15 per cent. ; 10 per cent, is a fair 
average. In cases where the distribution is local, as, for 
example, in house wiring, the allowable drop from the point 
where the current enters to the farthest point on the system 
may be as low as 1 or 2 per cent. If the drop is excessive, 
the pressure at the end of the line is apt to fluctuate greatly 
with changes of load and thus render the service bad. In 
a few special cases there may be conditions that warrant the 
use of an excessive drop, but in general the above values 
are the ones commonly met with. 

40. When the loss, or drop, in a circuit is given as a 
percentage, this percentage may refer to the power or volt- 
age at the station end of the line, or the receiving end. 
For example, suppose we take the case where the percentage 
loss refers to the power at the station end, and let 

E^ = voltage at dynamo; 

E^ = voltage at end of line; 

^ = percentage loss (expressed as a number, not as a 
decimal) ; 

e == actual number of volts drop in the line. 


Then, 

P _ 100 

' “ 100 — 

(5.) 

And 

_ 100 E, p 

(6.) 
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Example.— The voltage at the end of alighting circuit is to be 110 
and the allowable drop is to be 3 per cent, of the dynamo voltage. 
(a) What will be the dynamo voltage ? {d) What will be the actual drop 
in volts in the circuit ? 

Solution.— (a) We have Ei = ^ = 113.4. Ans. 

lUU — o 

(d) The drop e = — 110 = 8.4 volts. Ans. 

lUU — t5 

41 . It is frequently more convenient to express the loss 
as a percentage of the power delivered at the end of the line. 
For example, if the voltage at the end of the line were 110, 
and the loss were to be an amount equivalent to 3 per cent, 
of the power delivered, instead of 3 per cent, of the power 
generated, it would mean that the allowable drop was 3 per 
cent, of 110, or 3.3 volts, instead of 3.4 volts. Railway 
generators are commonly spoken of as being adjusted for 
lO per-cent. loss when they are so wound as to generate 
500 volts at no load and 550 volts at full load; i. e., 50 volts, 
or 10 per cent., of 500, is allowed as drop in the line, 500 
being the voltage at the end of the line. In expressing the 
loss as a percentage, then, it should be distinctly understood 
as to whether this percentage refers to the power generated 
or the power delivered, otherwise there is liable to be con- 
fusion. The best way is to express the drop directly in 
volts and then there can be no doubt as to what is meant. 
In what follows, we will, when expressing the loss as a per- 
centage, refer to the power delivered unless it is otherwise 
specified, as this method is now very generally followed. 


LINE CALCULATIONS. 

43* Calculations for Two- Wire System. — We are now 
in a position to look into the method of determining the size 
of wire necessary for a given case. We will first consider 
the simple transmission system, shown in Fig. 11. The 
problem of determining the size of a line wire usually comes 
up about as follows : Given a certain amount of power to be 
transmitted over a given distance with a given amount of 
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loss; also, given the required terminal voltage; determine 
the size of line wire required. The whole problem of deter- 
mining the size of line wire simply amounts to estimating 
the size of wire to give such a resistance that the drop will 
not exceed the specified amount. All the formulas for this 
purpose are based on Ohm’s law, and are simply this law 
arranged in a little more convenient form to use. There 
have been a large number of these formulas devised, each 
for its own special line of work, and the one that is derived 
below is given because it is as generally applicable as any. 

43. In the first place, if we are given the watts or horse- 
power to be delivered and are also given the voltage at the 
end of the line, we can at once determine the current, 
because 

IK 

C = (7.) 

■'"a 

in which IK, is the power delivered. Furthermore, the 
drop e in the line is known or specified, and since 

^ = CR, (8.) 

or 

the resistance R of the line is easily determined. 

44. Referring to Fig. 11, we see that the total length L 
of line through which the current flows is twice the distance 
from the dynamo to the end of the line. It has already been 
shown that the resistance of a wire is directly proportional 
to its length and inversely proportional to the area of its 
cross-section, and we may then say that 

when A" is a constant that depends on the units used for 
expressing the length L and the area of cross-section A. In 
practice, it is generally most convenient to have the length L 
expressed in feet and the area in circular mils. When these 
units are used, the quantity K is the resistance of 1 mil-foot 
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of wire; i. e., the resistance of 1 foot of wire inch in 
diameter. If the area of cross-section of the wire were only 
1 circular mil, it is evident that the resistance of L feet of 
it would be X A, and if the area of the wire were A circular 

I- 

mils, Its resistance would be — ^ — . 

The resistance of 1 mil-foot of copper wire such as is used 
for line work may be taken as 10.8 ohms. This resistance 
will, of course, vary with the temperature and also with the 
quality of the wire used, but the above value is close enough 
for ordinary line calculations. We may then use the follow- 
ing formula for calculating the resistance of any line : 




10.8 X L 
A ’ 


( 9 .) 


where R = resistance in ohms; 

L = length of line in feet (total length, both ways) ; 
A = area of cross-section in circular mils. 


45. What we usually wish to obtain is the area of the 
wire required for the transmission, not the resistance, and 
by combining formulas 8 and 9 , this can be readily done. 


We have 

II 

but 

„ 10.8 X L 

R= ^ ; 

hence, 

10.8 X L y C 
A 

or 

^ _ 10.8 X LxC 


Expressing this formula in words, we have the required 
area of cross-section in circular mils 

10.8 X length of line in feet X current in amperes 
~~ drop in volts 

This rule for determining the size of wire for a given 
transmission may be written as follows: 
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Rule.— Take the contimted product of 10,8^ the total length 
of the line in feet, and the current in amperes ; divide by the 
drop in volts, and the result ztnll be the area of cross-section 
in circular mils. 


46. It will be noticed that the size of wire has been 
determined by making; it of such size that the drop will not 
exceed the allowable amount. In other words, the drop has 
been made the determining; factor and no attention has beep 
paid to the current-carrying capacity of the wire. If the 
distance were very short and the drop allowed were large, 
the size of wire as given by the formula might be such that 
it would not carry the current without greatly overheating. 
This is an important consideration where wires are run 
indoors, because the distances arc then short and the rise in 
temperature of the wire needs to be carefully considered, 
owing to the fire risk. This point will be taken up in con- 
nection with interior wiring. For line work such as we are 
now considering, the distances are usually so large that the 
size of wire as determined by the allowable drop is nearly 
always much larger than would be called for simply to carry 
the current without becoming hot enough to do damage. 


47. 

form 


The formula given above is also often written in the 


A 


21 A) X D X C 
e * 


( 11 .) 


where I? is the distance (one way) from the station to the 
center w^here the power is delivered Evidently, IJ is only 
one-half the length of line through which the current flows, 
i. e. , Z = 2/>; hence, we double the constant 10.8 and 
use 21.6 in the formula. 


48. Formulas 10 and 11 may be applied to a large 
number of cases if care is taken to see that the proper values 
are substituted in them. The length L or distance D must 
always be expressed m feet. The use of the formula will be 
illustrated in connection with the following examples: 
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Example 1.— In Fig. 11 the pressure at the receiving end of the 
line is to be 500 volts, and 40 kilowatts are to be transmitted with a 
drop of 50 volts. The distance from the station to the end of the line 
is 8 miles Calculate the cross-section of wire necessary and give the 
nearest size B. & S. that will answer. 


Solution.— 


40 kilowatts = 40,000 watts , hence, current = 


40,000 

500 


= 80 amperes. The distance from the station to the end of the line is 
8 miles, but the current has to flow to the end and back again, so that 
the length of line L through which the current flows is 6 miles, or 
81,680 feet. Applying formula 10 , we then have 


^ 10.8x81,680x80 

” 50 

=r 547,430 circular mils, nearly. Ans. 

This is considerably larger than any of the B. «fe S. sizes, so that a 
stranded cable would be used. 


Example 2. — It is desired to transmit 20 horsepower over a line 
mile long with a drop of 10 per cent, of the voltage at the receiving 
end. The voltage at the end of the line is to be 110. Find the size of 
wire required. 

Solution. — 20 horsepower = 20 X 746 watts, and, hence, 

^ ^ 20 x746 

Current = — — = 135.6 amperes. 

The drop is to be 10 per cent, of the voltage at the receiving end; 
bence, 

Drop e = — — =11 volts. 

The length L is 1 mile, since the distance from the station to the end 
is ^ mile, and applying formula lO, we have 

^ 10.8 X 5,280X 185.6 * 

A = - ~~ — = 702,950 circular mils, nearly. Ans. 

This also would call for a large cable. 

Example 8.— Fig. 12 shows a simple transmission system as used in 
connection with a street railway. The feeder ac runs out from the 
station and taps into the trolley wire xj^ at the point c. The pressure 
between the trolley and track at the point is to be 500 volts, and 
the loss m the feeder is to be 10 per cent, of the voltage at the car when 
a current of 60 amperes is being supplied. The current returns through 
the track, and we will suppose in this case that the resistance of the 
return circuit is negligible. Required the cross-section of the feeder a c. 
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Solution.— I n this case the drop takes place altogether in the 
wire a c, because the resistance of the return circuit through the rails is 



Fig. 12. 


taken as zero; hence, the length L used in the formula will be f mile, 
or 8,960 feet, and not twice this distance, as in the previous examples. 
The drop in voltage will be 

500xl0_ 

^--^--- 60 . 

and since the current is 60 amperes, we have 


10.8 X 3,960 X 60 


: 51,322 circular mils. 


Referring to the wire table, we find that this is nearly a No. 8 
B. &S. 


49. In making line calculations, it seldom happens that 
the calculated value will agree exactly with any of the sizes 
given in the wire table. It is usual in such cases to take 
the next larger size, unless the smaller size should be con- 
siderably nearer the calculated value. Generally, the load 
operated on a line always tends to increase, because business 
increases, and it is better to have the line a little large, 
even if it entails a slightly greater cost when the line is 
erected. 


50. Formula 10 may also be used for determining the 
drop that will occur on a given line with a given current. 
In this case the formula is written 


Volts drop = r = 


10.8 xLxC 

A ^ • 


( 12 .) 


40 


ELECTRIC TRANSMISSION. 


§14 


Example. — Power is transmitted over a No. 8 B. & S. line for a 
distance of 4,000 feet. What will be the drop in the line when a cur- 
rent of 80 amperes is flowing ? 

Solution. —The length of wire through which the current flows 
is 2 X 4,000 = 8,000 feet. The cross-section of a No. 8 B. & S. wire is 
62,634 circular mils; hence. 


Volts drop = 


10.8 X 8,000 X 80 
52,634 


= 49.2. 


Ans. 


EXAMPLES FOR PRACTICE. 


1. A dynamo delivers current to a motor situated 850 yards distant. 
The current taken by the motor at full load is 30 amperes, and the 
pressure at the motor is to be 220 volts. The drop in the line is to be 
8 per cent, of the voltage at the receiving end. Required (a) the drop 
in volts ; (/f) the size of the wire in circular mils and also the nearest 
size B. & S. A 1 volts. 

( (^) 93,886 cir. mils., No. 1 wire. 


2. A current of 40 amperes is transmitted from a station to a point 
1 mile distant through a No. OB. & S. wire, (a) What will be the 
drop in volts in the wire ? (^) How many watts will be wasted in the 


wire ? 


Ans. 


((ti) 48.2. 
((^) 1 » 728 . 


USE OF HIGH PRESSURE. 

61. By referring to the first two examples of Art. 48, 
it will be noticed that the wire called for is very large, 
although the amount of power transmitted is not very great 
nor the distances long. Suppose we have a fixed number of 
watts IV^ to transmit with a given voltage A, at the end of 
the line; then, the current that must flow through the line 
H'" 

is Also, we have already seen in Art. 37 that the loss 

-‘-'a 

in the line is C* A; i. e., if the current be doubled the loss 
becomes 4 times as great. If we can double the E. M. F., 
we will be able to transmit the same amount of power with 
one-half the current, and, hence, with one-quarter the loss. 
Or, if we put it the other way, and suppose that our loss is 
to be a fixed amount, we can, by doubling the pressure and 
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thereby halving the current, use a wire of 4 times the resist- 
ance. For example, suppose we have to transmit 20 kilo- 
watts at a terminal pressure of 500 volts and that the loss in 
the line is to he limited to 2 kilowatts. The current would 
be = 40 amperes, and OIC 2,000 watts, or 40*,^ 

= 2,000; hence, A* = = 1.25 ohms. Now, suppose 

that we use a terminal pressure of 1,000 volts instead of 500, 
and transmit the sanie amount of power with the same 
number of watts loss as before. The current will now be 
C = W(iV = amperes, and C*K == 2,000 watts, as before. 
We will then have 20Vv == 2,000; A= ^ ^ ohms. 

In other words, /or t/tc same amount of loss and for the 
same amount of pouH'r delivered^ the a/lotvable resistance of 
the line is made four times as ^reat by doubling the pres* 
sure. Since the length is supposed to be the same in both 
cases, this means that doubling the pressure makes the 
amount of coj)per reejuired just one-fourth as great. If the 
pressure were increased threefold, the amount of copper 
required would l)e one-ninth as great, other things being 
kept equal, as before. This may be stated as follows; For 
the same amount of power delivered and for the same amount 
of loss., the amount of eopper required for transmission over a 
given distance varies inversely as the square of the voltage. 

52» EdlHoii Throe-Wire HyHtem. — From the preceding 
it will at once be seen that an increase in the voltage 
results in a large decrease in the amount of copper required. 
Incandescent lighting was first carried out at a pressure of 
110 volts, but this pressure rendered the use of large con- 
ductors necessary, and systems were, therefore, brought 
out that would permit the use of a higher pressure. In 
street-railway work, a pressure of about 500 volts soon 
became the standard, because this appeared to be the limit 
to which the voltage could be pushed for this class of work 
without danger to life. 

The Edison three-wire Rystem allows current to be sup- 
plied at 110 volts, although the transmission itself is really 
carried out at 220 volts, and, therefore, results in a large 
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saving in copper over the old 110-volt system. The three- 
wire system is shown in Fig. 13. Two compound-wound 
dynamos A and B are connected in series across the two 
lines de and h k. Each dynamo generates 110 volts, so that 
the pressure between the two outside wires is 220 volts. 



^ 9 h 


Fig. 18. 

because the two machines are connected in series, and their 
pressures will be added. A third wire, called the neutral 
wire, is connected to the point f between the machines, so 
that between the lines de and fg we have a pressure of 
110 volts, and between f g and h k a pressure of 110 volts 
also. 

53, In order to illustrate the action of such a system, 
we will suppose that we have six 32-candlepower lamps on 
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one side and four on the other, each lamp taking, say, 
1 ampere. A current of 4 amperes will flow from the posi- 
tive side of B through the line h k and thnmgh the lamps to 
the neutral wire. At the same time, a current of 6 amperes 
will tend to flow out from the positive pole of A over the 
line /£' through the left-hand set of lamps and hack through 
r as shown by the arrows. In the neutral wire we have a 
current of C amperes tending to flow in one direction and a 
current of 4 amperes tending to flow in the other direc- 
tion, the result being that the actual current is the differ- 
ence between the two, or 2 amjieres, as shown by the full 
arrow; or, looking at it in another way, we have 4 amperes 
flowing directly across from /i k to di' and 2 amp(?res flow- 
ing from through the neutral wire and ba(‘k through 
i'd to A, thus making amf>en‘S in the line r d. If the cur- 
rents taken by the two sides were exactly balanced, no 
current would flow in the neutral wire and we wmuld have 
what is practi('ally a 220-voIt two-wire transmission. In 
any case, the current in the neutral wire is the difference 
between the currtmts in the two sides, and its direction will 
depend on which side is the more heavily loaded. 

54, A three-wire system should always he installed so 
that the load on the two sides will be as nearly balanced as 
possible. The simplest way to estimate the size of the con- 
ductors is to first cahuilate the size of the outside wires, 
treating it as if it were a 220-volt two-wire system. When 
motors are operated on the three- wire system, they are u.sually 
w'ound for 220 volts and connected across the outside lines. 
The following example will illustrate the method of calcu- 
lating the wires for a three-wire transmission: 

Example. — Two dynamos deliver power over a distance of 1 mile 
to sixty 32-candlepower lam{)s, thirty lamps on each side of the circuit, 
as shown in Fig. 14. A motor that requires a current of 40 amperes is 
also connected across the outside wires. Each lamp requires a current 
of 1 ampere, and the pressure at the lamps is to be 110 volts. Calculate 
the size of wire required for the two outside conductors if the drop in 
pressure is not to exceed 10 per cent, of the voltage at the end where 
the power is delivered. 

/. X/r.— 4 
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Solution. — The first thing to determine is the current. Thirty 
lamps are connected on each side and these lamps are connected in 
multiple, each taking 1 ampere. The current, therefore, in the out- 
side lines due to the lamps is 30 amperes. The motor is connected 



Fig. 14. 


directly across the outside lines; hence, the current due to the motor 
is 40 amperes, and the total current in the outside lines is 70 amperes. 
The pressure across the outside wires must be 220 volts at the end of 
the line, because the pressure at the lamps is to be 110. The drop in 
the outside wires is, therefore, 

220 X .10 = 22 volts. 

The length of the outside wires is 2 miles, or 10,560 feet. Apply- 
ing formula 10, we have 


Circular mils : 


10.8 X 10,560 X 70 


= 362,880. 


This would require a stranded cable. 


55. The neutral wire is often made one-half the cross- 
section of the outside wires, though practice differs in this 
respect. It is seldom, however, made less than one-half, 
and in a number of cases it is made equal in cross-section. 
Of course, if the load could be kept very nearly balanced at 
all times, a small neutral wire would be sufficient, but it is 
impossible to keep the load balanced, and, hence, it is usual 
to put in a neutral of at least one-half the cross-section of 
the outside wires. In the above example, a No. 000 wire 
would probably be large enough for the neutral wire. For 
distributing mains, when there is much liability to unbalan- 
cing, the neutral is made equal in size to the outside wires. 
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In some cases, three-wire systems are arranged so that they 
can be changed to a two-wire system by connecting the two 
outside wires together to form one side of the circuit, the 
neutral wire constituting the other side. If this is done, the 
neutral would have to carry double the current in the outside 
wires and would be made twice as large as the outside wires. 

56. Since the outside wires are only | the size required 
for the same power delivered by means of the two- wire 
110-volt system with the same percentage of loss, it follows 
that, even if the neutral wire be made as large as the out- 
side wires, the total amount of copper required is only 
i+ I that required for the two-wire 110-volt system. 
The amount of copper in the neutral wire is only J that 
which would be required for the two-wire system, because it 
is only I the cross-section and its total length is only | that 
required for the twTi-wire system. 

57. From the preceding it wn‘11 be seen that the three- wire 
system of distribution effects a considerable saving in copper, 
owing to the use of a higher pressure. Three-wire systems 
operating 22()-volt lamps with 440 volts across the outside 
wires have been introduced with considerable success, thus 
making a still further reduction in copper. The tendency 
has naturally been to use as high pressures as possible, but 
there are grave difficulties in the way of transmitting cur- 
rent at high pressure by means of direct current These 
difficulties may be classed under the heafls (^?) difficulty of 
generating direct current at high E. M. F. ; and (/;) difficulty 
of utilizing direct current at high pressure after it has been 
generated. 

58. Machines for the generation of direct current must 
be provided with a commutator, and this part of a well- 
designed machine gives comparatively little trouble if the 
pressure generated does not exceed 700 or 800 volts. If the 
pressure is increased beyond this amount, it becomes a dif- 
ficult matter to make a machine that will operate without 
sparking. Moreover, in direct-current dynamos, the arma- 
ture winding has to be divided into a large number of 
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sections or coils, and the numerous crossings of these coils 
make it exceedingly difficult to insulate such armatures for 
high pressures. 

59, Even if it were possible to generate high-pressure 
direct current, it would be difficult to utilize it at the other 
end on account of the danger to life. About 500 volts is as 
high as it has been found safe to operate street railways, 
the consideration of safety setting this limit on the pressure 
used. Moreover, it is just as difficult to build motors for 
high-pressure direct current as it is dynamos, and for most 
purposes the high-pressure current would have to be reduced 
to low pressure before it could be utilized with safety at the 
distant end of the line. This transformation could be effected 
by using a high-voltage motor to drive a low-voltage dynamo. 
In some cases, thcvse two machines might be combined into 
one having an armature provided with two windings and two 
commutators, this armature being arranged so as to revolve 
in a common field magnet. The high-tension current from 
the line is here led into one winding through one commutator 
and drives the machine as a motor. The second set of 
windings connected to the other commutator cuts across the 
field and sets up the secondary E. M. F., thus applying cur- 
rent to the low-pressure lines. A machine of this kind is 
known as a dynamotor. It is thus seen that the trans- 
formation of direct current from high pressure to low 
pressure involves the use of what is essentially a high-pressure 
direct-current motor — a piece of machinery that is liable to 
give more or less trouble for the reasons already given. 


POWER TRANSMISSION BY ALTER- 
NATING CURRENT. 

60 . The difficulties connected with the generation and 
utilization of high-tension direct current led engineers to 
adopt alternating current for places where the power had to 
be transmitted over considerable distances. At first, alter- 
nating current was used for lighting work only, because the 
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single-phase alternators first introduced were not capable of 
readily operating motors, although they were quite satisfac- 
tory for the operation of incandescent lamps. With the 
introduction of multiphase alternattu's along with the induc- 
tion motor, the use of alternating current for power pur- 
poses became very common, and plants using line pressures 
as high as 40,000 volts, or even higher, are now' in use. 

61. The alternating current is well adapted for high- 
pressure work, because not only can it easily be generated, 
but w'hat is even of greater importance, it can be readily 
transformed from oiu; pressure to another by means of 
transformers. 'Fhe winding of an alternator armature is 
very simple, no ('ommutalor is necessary, and the problem 
of generating high pressures ])ecom<ts a comparatively 
simple one. Alternators wuth stationary armatures have 
been successfully ])uill for pressures as high as 10,000 or 
12,000 volts. In some cases, the current is generated at a 
comparatively low pressure and raised by step-up trans- 
formers for transmission over the line. At the distant end 
it is easily lowered, by means of step-down transformers, to 
any pressure required for the work to which it is to be put. 


SINOX.E-PIIA8K TIIANSMISHION. 

62. The simplest scheme for alternating-current power 
transmission is that which uses a single-phase dynamo, i. e., 
a machine that generates a single alternating current. In 
Fig. 1*5, A represents a simple alternator that generates 
current at high pressure. This current is transmitted over 
the line to the distant end, where it is sent through the 
primary of transformer By which lowers the pressure to an 
amount suitable for distribution to the lamps /. The syn- 
chronous motor M is operated directly from the line, because 
it can be wound for a high voltage. If, however, this high 
pressure about the motor should for any reason be objection- 
able, step-down transformers could be used. As already 
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mentioned, such systems are installed for lighting work 
almost exclusively, because the single-phase alternating 
current is not well adapted for the operation of motors. 
At first a pressure of 1,100 volts at the alternator, or abemt 

1.000 at the end of the line, was commonly used. Later, 
pressures of 2,200 and 2,000 volts became the ordinary prac- 
tice. In cases where the distance was very long, step-up 
transformers were used, as shown in Fig. 10. Here the 
current from the alternator A is first sent into the primary 
of the transformer 7] w'hich raises the voltage to any 
required amount, with, of course, a corresponding reduc- 
tion in current. The alternator might, for example, gener- 
ate a pressure of 1,000 volts and this pressure be raised to 

22.000 for transmission over the line. At the other end, the 
transformer 7 ' steps down the high line pressure to what- 
ever pressure is suitable for the local distribution. The 
single-phase alt(Tnating-current system is in many respects 
similar to the two-wire direct-current system, the principal 
distinguishing feature being the use of transformers. 

C>3< The single-phase system has been used in the past to 
a limited extent for the operation of synchronous motors. 
The ordinary single-phase synchronous motor, i. e., a motor 
constructed in the same w^ay as an alternator, will not start 
up even if it is not loaded it has to be brought up to speed 
from some outside source ; this is a great drawback to its use, 
and the single-phase system is now seldom, if ever, installed 
where power is to be transmitted for the operation of alterna- 
ting-current motors of large .size. The motor M shown in 
Fig. 15 is the same in construction as an alternator, but it 
would have to be provided with some arrangement for 
bringing it up to speed. This could be done by means of a 
small single-phase induction motor or by using the exciter 
of the synchronous motor, running it as a motor from stor- 
age batteries. This difficulty of getting single-phase syn- 
chronous motors started has kept them from being used to 
any great extent, and even in those places where they were 
installed, they are being replaced by multiphase synchronous 
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motors, which will run up to speed of their own accord 
when not loaded. 

If the amount of power required is not larj^e, say under 
10 horsepower, special self-starting single-phase synchronous 
motors may he used. Induction motors are also made to 
operate on single-phase circuits by using special starting 
devices, but in general it may be stated that the single-phase 
system is not well adapted for motor operation, at least not 
in those cases where large motors are required. 


TWO-PIIAKK IMIWKII TKAN8KI88IOK. 

64. A two-phase alternator delivers two currents differ- 
ing in phase by 1)0^, so that when the current in one phase 
is at its maximum value, the current in the other phase is at 
zero. The great advantage of the two-phase system over 
the single-phase is that it allows the operation of rotary- 
field induction motors and two-phase synchronous motors. 
Two-phase induction motors will start up under full load. 
The synchronous motors will not start up under load, but 
they will run up to synchronous speed if they are not loaded, 
and the load can be thrown on afterwards, thus avoiding 
the necessity of any outside means of bringing the machines 
up to synchronism. Lights may, of course, be operated on 
the two-phase system equally as Well as on the single-phase. 

65. Fig. 17 shows a two-phase sy.stcm. In this case, we 
have taken the simplest arrangement, where the alternator 
feeds directly into the line without the use of step-up trans- 
formers. If, however, the distance is very long, a pair of 
step-up transformers could be connected at each end, one in 
each phase, in a manner similar to that shown in Fig. 16. 
We have taken the line pressure at 2,000 volts for the sake of 
illustration. A is the alternator supplying the two currents 
differing in phase by 90*^ to the four line wires. The only 
difference between this alternator and a single-phase machine 
lies in its armature winding and the addition of two more 
collector rings. B are two transformers supplying lights. 
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One is connected on Phase No. 1 and the other on Phase 
No. so as not to unbalance the load on the alternator. 
Cy C are two large transformers supplying alternating cur- 
rent at 389 volts to the rotary transformer D, which 
changes it to direct current at 550 volts suitable for opera- 
ting the street-railway system E. 

The alternating-current voltage of a two-phase rotary is 
. 707 times the direct-current voltage. If, then, a voltage for 
operating the street railway is to be 550 volts, the trans- 
formers must supply 550 X .707 = 389 volts, nearly, to the 
alternating-current side of the rotary. 7% F are two trans- 
formers supplying a two-phase induction motor G. As 
stated above, this type of motor is capable of starting up 
under full load, and, generally speaking, may be used for all 
kinds of stationary work for which the ordinary direct-cur- 
rent motor is adapted. II shows a two-phase synchronous 
motor. This is the same in construction as the generator 
and it is not necessary to use transformers with it, as it can 
be constructed for the same voltage as the generator. 
Synchronous two-phase motors are well adapted for places 
where power is required in fairly large units and where the 
motor does not have to be started and stopped frequently. 
They do not, if properly handled, set up lagging currents ; 
i. e., currents that lag behind the E. M. F., and, hence, are 
out of phase with the E. M. F. The nature and disadvan- 
tages of these lagging currents will be explained more fully 
in connection with the calculation of lines for alternating 
current. If synchronous motors and induction motors are 
operated on the same system as shown in Fig. 17, the lag- 
ging current set up by the induction motor may be neutral- 
ized by the synchronous motor by increasing the field 
excitation of the latter to the proper amount. The ordinary 
method of connecting up transformers on a two-phase circuit 
is that shown in Fig. 17. Other methods are sometimes 
used, but these will be taken up later when transformer 
connections are discussed. In some cases, three line wires 
only are used, but otherwise the connections are the same 
as shown in Fig. 17. 
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TIIREK-FIIASi: I^WEIl TllAHHMISBIOX, 

66 . In the three-phase system, three currents differing 

in phase by or one-third a complete cycle, are employed. 
If the load on all three phases is kept nearly balanced, as it 
usually is in practice, only three wires are needed. For the 
same amount of power, line loss, and distant'e of transmis- 
sion, the three-phase system requires only three-fourths the 
amount of copper called for by the single-phase or two- 
phase system. For this reason, it is often used for the 
transmission itself, even if the power is generated by means 
of two-phase alternators. By a special arrangement of 
transformers, which will be described later, two currents 
differing in phase by 90^ can be transformed into three dif- 
fering in phase by Fig. IB is similar to Fig. 17, 

except that it is arranged for a three-phase transmission. 
Lights, rotary transformers, induction motors, and syn- 
chronous motors may be operated as previously desc'ribed, 
and all the advantages that have bvvn noted with reference 
to two-phase motors apply equally to three-phase motors. 
There is little choice between the two-phase systems so far 
as actual operation is concerned, the cnief point in favor of 
the three-phase system being the saving in line wire. 

67. 8ul)statlonft,~In many large transmission systems, 
it is customary to generate the power in one large central 
station and distribute it at high pressure to a number of 
substations located at the various distributing centers. At 
these substations the current is transformed down and passed 
through rotary transformers, if direct current is necessary, 
and distributed to the various devices to be operated. This 
is commonly done in connection with both lighting and 
street-railway work. If alternating current alone is used, 
the voltage is merely stepped down by means of large trans- 
formers. Perhaps one of the best examples of three-phase 
transmission is that of the Metropolitan Street Railway Com- 
pany, of New York. Most of the surface cars in New York 
City are operated by direct current, at 500 to 600 volts, sup- 
plied to the cars by means of conductors placed in a conduit 
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between the rails. Power is generated at one large central 
station located on the river front, where coal and water are 
easily supplied. Large 3,500-kilowatt three-phase gener- 
ators arc located in this station. They are of the revolving- 
field type and are driven directly by large, vertical Corliss 
engines. These machines generate current at a pres.sure of 
6,000 volts, so that no step-up transformers are used. The 
current is led from the main station by means of lead-covered 
underground cables to a number of substations located in 
different parts of the city. These substations contain the 
step-down transformers and rotary transformers that are 
necessary to convert the three-phase current into a direct 
current of 500 volts suitai)lc for operating the street cars. 
Each of the rotary transformers is of 900 kilowatts capacity, 
and before sending the current into rotaries, it is trans- 
formed to six phas<‘s, as the increased number of phases 
makes the output of the rotary for a given size of machine 
greater. Otherwise, the arrangement in the substations is 
very much the same in principle as that shown at C and D, 
Fig. 18. In addition to the rotaries and transformers, such 
substations are usually provided with two switchboards, 
one for the high-tension side and the other for the low- 
tension side, from which the power is distributed- When 
three-phase rotaries are used, they must be supplied with 
alternating current at a voltage about .612 times that of the 
continuous current which they are to supply. For example, 
in Fig. 18, if the rotary IJ supjdies 550 volts direct cur- 
rent, the transformer C must .supply current at 550 X *012 
= 337 volts, nearly, to the alternating-current side of the 
rotaries. 

68. Frequencies — Where motors are operated by alter- 
nating current, the frequency used is seldom above 00, 
although frequencies as high as 125 have been used to a 
slight extent. A frequency of 00 is very largely used where 
both lights and motors are operated. Where the current is 
used for power purposes alone, lower frequencies are com- 
mon ; for example, both the Niagara plant and the plant of 
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the Metropolitan Street Railway Company, referred to 
above, use a frequency of 25, as a low frequency is better 
adapted for the operation of rotary transformers than a 
high frequency. 


TRANSFORMERS AND TRANSFORMER 
CONNECTIONS. 

69. The use of transformers has frequently been men- 
tioned in connection with the preceding articles and their 
action has already been explained. It will be well, how- 
ever, to take up here some points relating more particularly 
to their operation and connections. 

70. Transformers vary somewhat as to their construc- 
tion, but they all have the three essential parts, i. e., the 
primary and secondary coils or groups of coils and the iron 
core that serves to carry the magnetic flux through the 
coils. Their construction also depends to some extent on 
whether they are to be used outdoors or indoors. Fig. 19 
shows a typical transformer for outdoor use mounted on a 
pole in the usual manner. Where transformers are large, 
say above 25 or 30 kilowatts capacity, it is not advisable to 
mount them on poles if it is possible to avoid it. For this rea- 
son, large transformers are usually of the indoor type. There 
is no need of providing weather-proof cases for such trans- 
formers, and their construction is very frequently quite open. 
Most modern transformers for outdoor use are now built so 
that the case may be filled with oil. This improves the insu- 
lation, keeps out moisture, and has considerable effect on the 
temperature that the transformer attains while in operation. 
There is bound to be a certain amount of loss m every trans- 
former, owing to the resistance of the coils and the resistance 
that the core offers to the changing magnetism, i. e. , owing 
to the hysteresis loss. These losses all reappear in the form 
of heat, and this heat must be gotten rid of by radiation. If 
there is an air space between the coils and the iron case of 
the transformer, the heat is conducted away with difficulty; 
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but if the case is filled with oil, the oil circulates more or 
less and serves as a conducting medium for carrying the 
heat from the coils and core to the case, where it is radiated 
to the surrounding air. Very often, when the transformers 
are large, they are unable to get rid of the heat by radiation 
alone, without becoming so hot that there is danger of dama- 
ging the insulation, and it is necessary to provide some arti- 
ficial means for cooling them. This is usually accomplished 
either by mounting the transformer so that air may be 


Mains 



Fig. 19. 


circulated through it by means of fans or by immersing the 
transformer in oil, which is kept cool by water circulating 
in coiled pipes. As stated above, these precautions are only 
necessary in the case of large transformers, such as those 
used in substations. Transformers of ordinary size, such as 
are placed on poles, are able to get rid of the heat generated 
without any special cooling devices, because the area exposed 
to the air is much larger in proportion to the output in the 
case of a small transformer than in the case of a large trans- 
former. 
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71 . Primary Fuses. — Transformers are operated on 
constant-potential circuits almost exclusively; hence, if a 
short circuit occurs on either primary or secondary, there 
will be a heavy rush of current, which will do damage 
unless the transformer is instantly disconnected from the 
circuit. This is accomplished by inserting fuses in the pri- 
mary between the transformer and the line. These fuses 
are contained in the fuse boxes Fig. 19. They also 
protect the transformer against overloads, because, if the 
secondary current is more than it should be, the primary 
current will also exceed the allowable amount and the fuses 
will blow. Fuses should be placed in each side of the pri- 
mary and they should be so mounted that they may be 
easily replaced by the lineman. In order to accomplish 
this, nearly all modern primary fuse blocks are made so 
that the fuse holder may be entirely disconnected from the 
primary mains when the fuse is being renewed. In other 
words, the fuse block is made to serve the purpose of a 
switch as well as a fuse holder. In some cases these primary 
fuse blocks are double-pole, but when the primary pres- 
sure is high, it is better to use two single-pole fuse blocks. 
Double-pole blocks are not recommended for transformers 
of larger capacity than 2,500 watts. Above this size it is 

better to use a single 
block in each side. 

73 . Fig. 20 {a) shows 
a General Electric 
double-pole primary 
switch and fuse block, 
with one fuse holder {b) 
removed for replacing 
a fuse. The fuse lies 
in a deep slot e in the 
porcelain holder (b)^ 
and is fastened to the 
clips </, d. When the 
holder is in place, the 
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clips d cngag^e with the terminals /*, thus conipleting 
the connection to the transformer primary. When a fuse 
is to be renewed, the porcelain base is pulled out and the 
lineman can replace the fuse without danger. 

73. Fig. %l shows a single-pole block made by the Stan- 
ley Company. In this case, the lid of the iron box is placed 
at the bottom and the fuse holder A is pulled out, thus 
breaking connection with the terminals /, f. The fuse g 


runs through a block of wood A, thus confining the arc 
and preventing it from arcing and burning the terminals /, /. 
Fig. 21 (b) shows the box closed and in the position in which 
it is placed on the pole. In the General Electric single-pole 
primary cut-out, the wires enter at the bottom, as shown in 
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Fig. 19. Where large transformers are operated in substa- 
tions, automatic switches or circuit-breakers are used instead 
of fuses to disconnect the transformer from the line in case 
of a short circuit or overload. 


TRANSFORMERS OK 8INGL.E-PHASE CIRCUITS. 

74. Transformers In Parallel. — Transformers may be 
connected in parallel so as to feed a single circuit, as shown 

in Fig. 22, but care 
must be taken in con- 
necting them up, or else 
a short circuit may re- 
sult. We will suppose 
that the two transform- 
ers to be connected in 
parallel are of the same 
type, so that they will 
both be wound alike. 
The primary terminals 
and must be con- 
nected to the same 
main, and P^ and P^ to the other main. If this is done, 
then the secondary terminals a and f, and b and d will have 
the same polarity at the same instant, and these terminals 
should be connected together, as shown. The external cir- 
cuit, consisting of lamps or other load, is connected to the 
secondary mains. Now, it will be noticed that, from the 
way in which the two secondaries are connected, they oppose 
each other, and that little or no current will flow until the 
outside circuit is connected. In practice, it will be found 
that a small current will flow between the transformers, but 
this current will not be at all large. Suppose, however, 
that the secondary terminals should be connected as shown 
in Fig. 23 ; it will be seen that the two secondary coils are 
here connected in series so that the E. M. F/s generated 
in them act together to set up a current through the coils, 
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thus resulting in a short circuit. In connecting up the sec- 
ondaries, before making the final connections and before 
connecting on the circuit, it is always well to make sure 
that the proper secondary terminals are being connected 
together. This can be 
found out by connect- 
ing two of them to- 
gether and then con- 
necting the other two 
through a piece of small 
fuse wire or fine copper 
wire. If the fuse blows, 
it shows that the con- 
nections should be re- 
versed, It is often more 
convenient to reverse 
the primary terminals ^ 

than the secondary, especially if the latter have been 
joined up permanently. Reversing the primary has, of 
course, the same effect as reversing the secondary, and it 
is usually easier to carry out, because the primary connec- 
tions are light and easy to handle compared with the sec- 
ondary. 



75. Generally speaking, it is not advisable to operate 
several transformers in parallel, or banked^ as it is some- 
times termed. This is especially true if the transformers are 
small and scattered, as on many lighting systems, although 
it was commonly done some years ago, when transformers 
were not made in large sizes and where it was necessary to 
have a large transformer capacity. vSuppose a number of 
transformers are operating in parallel, as shown in Fig. 24. 
If they do not all have the same voltage regulation, the load 
may divide unequally between them and one or more of 
them take more than its share. The result is that the fuses 
of the heavily loaded transformer blow, and this throws a 
heavier load on the remaining transformers. Cases have 
been known where the fuses would blow one after the other 
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after they were once started by one transformer taking 
more than its share of the load. Of course, if the trans- 
formers are all of the same size and of similar design, such 



trouble is not very likely to happen ; but it is better, if pos- 
sible, to have each transformer supply its own particular 
part of the load, and if more capacity is needed, to use one 
large transformer rather than a number of small ones. 

76. Transformers are very often wound with their pri- 
maries and secondaries in two sections, so that they may be 




connected in series for high voltage and in parallel for low 
voltage. For example, in Fig. 25 the transformer is wound 
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with two primary coils /’, each desij^ried for 1,000 volts 
and two secondary each wound for 50 volts. By con- 

necting the coils i\ in scries, the transformer may be 
operated on 2,000-volt mains, and if the secondaries are also 
connected in series, it wdll supply current to 100- volt second- 
ary mains. If the Iw’O primaries ]\ J\ are connected in 
multiple, as shown in Fig. 20, they may be operated on 
1,000-volt mains, and if the secondaries are connected in 
series, they will supply current at 100 volts. If desired, the 
secondaries could be connected in parallel to supply current 
at 50 volts, but the 50-volt secondary circuit is rapidly 
going out of use. A pressure of 50 volts was, at one lime, 
used quite largely for incandescent lamps operated from 
transformers, but has given place to 100 to 110 volts, 
because the latter requires less copper and it is possible 
to obtain 100- to 1 10-volt lamps that operate fully iis satis- 
factory as those made for 50 volts. For operating motors, 
secondary pressures of 110, 220, or 500 volts are commonly 
used. 

77. In many places, plants that were originally installed 
to operate at 1,000 volts primary pressure have been changed 
over to 2,000 volts, 
in order to allow a 
larger load to be car- 
ried vvdthout increas- 
ing the size of the 
line wires. In such 
cases it has been 
common practice to 
connect old 1,000- 
volt transformers up 
in pairs, as shown 
in Fig. 27. In this 
case, the primaries 
of the two trans- 
formers B 2 iTt connected in series across the 2,000 volt 
mains and the secondaries are connected in paralleL 
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78. Transformers on the Three-Wire System. — The 
general' tendency is to use a few large transformers for 
supplying a given district rather than a number of small 
ones. Small transformers are wasteful of power, and 
though each in itself may not represent a very large amount 
of waste, yet when a large number are connected up, the 
total amount of energy that might be saved during a year 
by using a few large transformers may be surprisingly large. 
Of course, in most cases where the customers are scattered, 
it is impossible to avoid using a number of small trans- 
formers, but in business districts it is generally easy to use 



a few large transformers of high efficiency. These are fre- 
quently connected in pairs so as to feed into three-wire 
secondary mains vi, as shown in Fig. 28. The 
primaries are connected directly across the line in parallel, 
and the secondaries are connected in series with the neutral 
wire connected between them at the point just as in the 
case where two dynamos are operated on the three-wire sys- 
tem. Care must be taken in connecting the secondaries 
to see that the terminals a and b are of opposite sign. If 
they are correctly connected, a pair of lamps /, / connected 
in series across the outside lines should burn up to full 
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brightness. If they are wrongly connected, the lamps will 
not light at all, showing that terminals a and ^ are of the 
same polarity and that r and d are also the same, the second- 
aries being connected so that the two outside mains are of 
the same polarity with a common return wire in the middle. 
If such is found to be the case, the trouble can be remedied 
by reversing cither one of the primary or secondary connec- 
tions. It may be well to mention in passing that if two 
transformers are of the same style and make, the terminals 
of corresponding polarity will usually be brought out of the 
case in the same way. For example, in Fig. 22, termi- 
nals a and c would be of the same p{)larity at the same 
instant. It is always best, however, to test out the con- 
nections before connecting things up permanently, and this 
is especially necessary in case two transformers of different 
make or type are being dealt with. 


TIlANSfY>RMKll.S ON TWO-PIIASK CIKCUITH. 

TO# As already mentioned, most two-phase circuits are 
operated with four wdres, and such a system is practically 
equivalent to two single-phase circuits. The general 
method of connecting transformers on a four-wire circuit is 
shown in Fig. 17. If a motor is to be operated, it is neces- 
sary to use a transformer on each phase, the capacity of 
each being one-half that of the motor. When lights are 
operated, they are connected to each phase in the sam ^ way 
as to a single-phase circuit and the load divided up as evenly 
as possible between the two phases. If it is necessary to 
connect two transformers in parallel, as shown at (a). 
Fig. 29, their primaries must both be connected to the same 
phase. If they were connected to different phases, as indi- 
cated by the dotted lines running to Phase a local current 
would flow around through the secondary coils, because the 
two secondary currents would not be in phase and there 
would be intervals of time when the E. M. F. of one would 
be greater than that of the other. The secondaries may. 
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however, be connected in series as shown at (/^), when the 
primaries are connected to different phases, forming a kind 
of three-wire system. The voltage obtained between the 
outside wires will not be twice that of one transformer, as 
in the regular three-wire system. If the voltage of each 
secondary is the voltage between the two outside wires 
will be E X 1.414. For example, if each secondary gave 
100 volts, the pressure between the outside wires w^ould be 
141.4 volts. This is because the E. M. F.’s in the two coils 
are not in phase. This method of connecting up trans- 
formers is, however, not to be recommended, as the volt- 
ages on the two sides of the three-wn're system arc apt to 
become unbalanced. If a three-wdre system is desired, it is 
best to use the connections shown at (t), where both pri- 
maries are connected to the .same phase. The K. M. F.*s in 
the two secondary coils are in this case in phase wdth each 
other and the pressure across the outside wires is twice 
that of one secondary coil. 

80, In connecting transformers to a two-pha.se system, 
the aim should be to get the load on the two phases as 
nearly balanced as possible. Of course, where motors are 
operated, both phases are used, and, hence, there is not 
much danger of an unequal division of load. When lamps 
are connected, one transformer or set of transformers at 
one point on the circuit can usually be balanced against 
another group at some other point, so that the load on the 
whole will be equally divided, as indicated in Fig. 17. 
Fig. 30 shows a number of different methods of connecting 
transformers on a two-phase system, using three line wires. 
In this case, the central wire acts as a common return, and 
the voltage between the outside wires is 1.414 times that of 
each phase. The same remarks apply here as in the previ- 
ous case, and the three-wire arrangement shown at (^) is not 
as generally satisfactory as that shown at (r). In both 
cases the primary pressure is shown as 2,000 volts, and 
transformers with a ratio of 20 to 1 are takon for the sake 
of illustration. 
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THAHSF<>UMKR«» ON TIITIKK-FIIAKE ClUClTn^, 

81, It is customary in America to use three single-phase 
transformers for transforming from one pressure to another 
on three-phase circuits. In Euro{)e, three-phase trans- 
formers are used in which there arc three primary coils and 
three secondary coils wound on a three-legged iron core. In 
America, the general practice is to use three standard single- 
phase transformers connected up either Y or A, as the case 
may be. With the A arrangement, the power supply will 
not be entirely crippled even if one of the transformers 
should become damaged. In some ca.ses the primaries are 
connec ted across the lines according to the Y scheme, as 
shown at (^^), Fig. 31. By using the Y connection, there are 
two primary coils in series between any pair of mains, and, 
consequently, the pressure on any one primary coil is less 
than that between the mains; the pressure on cac'h primary 
is equal to the pressure between the mains divided by 1.732. 
When the primaries are connected Y, the secondaries are 
usually connected Y also, as shown at (a). Sometimes, 
however, the primaries are connec ted Y and the secondaries 
A, as shown at (/;). If transformers having a ratio of 20 to 1 
were connected in this way, the secondary pressure would 
not the primary pressure divided by 20, i. <*., 100 volts; 

but would be or 57.7 volts. In order to get 100 volts 

secondary with this scheme of connections, the transformers 

would have to be wound with a ratio of I» ^ j 11.55 

to 1, approximately. Fig. 31 (c) shows transformers with 
both primaries and secondaries having A connections. The 
arrangements shown at (a) and (r) are the ones commonly 
used in connection with three-phase work, as the other 
scheme either calls for special windings on the transformers 
or else gives rise to odd secondary voltages. If the primaries 
are to be connected A, then each primary coil must be 
wound for the full-line voltage. If the primaries are con- 
nected Y, each primary coil is wound for the pressure divided 
by 1.732. It is possible to use only two transformers on a 
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three-phase system, as shown in Fig. 31 (^), but this 
arrangement is not on the whole as desirable as the others 
using three transformers, because if one breaks down the 
service is crippled. This connection is equivalent to the 
delta arrangement with one side left out. The connections 
shown in {c) are doubtless used more largely than any of the 
others. These connections allow the use of transformers 
wound for standard voltages and a breakdown of one trans- 
former does not necessarily interrupt the service. 


82. Phase-Changingf Transformers. — Two-phase cur- 
rents may be transformed to three-phase, and vice versa^ by 

means of an arrangement 
of transformers devised 
by Mr. C. F. Scott. 
Fig. 32 shows the con- 
nections necessary. Two 
transformers A and B 
have their primary coils P 
and P’ connected to the 
t w o - p h a s e mains a| 
shown. The secondary .9 
of transformer^ has .87 
times as many turns as 
the secondary S of trans- 
former B. One end of 5 is connected to the middle point c 
of S\ The three-phase lines are attached to terminals r, d. 
This scheme of transformation is used quite largely at 
Niagara, where two-phase generators are used and the cur- 
rent transformed to three-phase for transmission to Buffalo. 



Fig, 82. 


83. Capacity of Transformers on Two- and. Tliree- 
Phase Systems. — When transformers are connected on a 
two-phase system, as, for example, to feed a two-phase 
motor, each transformer has to be of capacity sufficient to 
carry half the load. If the three-phase system using three 
transformers is used, each transformer must be capable of 
carrying one-third the load. When the transformers are 
used to operate induction motors, a safe plan to follow is to 
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install 1 kilowatt of transformer capacity for every horsepower 
delivered by the motor. Thus a 20-horsepower, two-phase 
induction motor would require two lO-kilowatt transform- 
ers; a 30-horsepower three-phase motor would require three 
10-kilowatt transformers; and so on. The following table, 
issued by the General Electric Company, shows the size and 
number of transformers suitable for 60-cycle, three-phase 
induction motors. 


TABEK VIII. 


CAPACITY OF TRANHFOUMKI18 FOK TURKK-FItAM*: 
INTirC’TIOX Morous. 


H, P, 
of Motor. 

Capacity of I'ransformers. 
Kilowatts. 

Two 

Transformers. 

Three 

Transformers. 

1 

0.6 

0.6 

2 

1.5 

1.0 

3 

2.0 

1.5 

5 

3.0 

2.0 

n 

4.0 

3.0 

10 

5.0 

^ 4.0 

15 

7.5 

5.0 

20 

10.0 

7.5 

30 

15.0 1 

10.0 

50 

25.0 

15.0 

75 


25.0 

„ 


„ ^ - 


LIISTE CAECtTEATIONS FOR AliTERNATIKG 
CURRENT. 

84* The factors that determine the size of line wire for 
a direct-current transmission apply also, in a general way, 
to alternating-current systems. The resistance of the line 
causes a drop in pressure between the station and the dis- 
tant end, and the line must be proportioned so that this 
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drop will not be excessive. If the load to be carried is 
practically all lights, and if the distances are not long, the 
same rules that have already been given for direct-current 
circuits may be applied with sufficient accuracy to alterna- 
ting-current lines. If, however, the lines are long, say more 
than 2 or 3 miles, there are other effects that must be taken 
into account. It must be remembered that the current is 
continually changing, and this introduces effects not met 
with in continuous-current circuits where the current flows 
steadily in one direction. The size of wire required will 
depend not only on the amount of the load, but also on the 
kind of load, i. e., on whether it consists wholly of motors or 
lights, or a combination of the two. In direct-current cir- 
cuits, it makes no difference, so far as the drop in the line is 
concerned, how far the wires are strung apart on the poles, 
t)ut in an alternating-current circuit this may have an 
appreciable effect. 

85, Self-Induction of Line. — Suppose Fig. 33, 

represent two line wires, and suppose, for the oresent, that 

a continuous current is flowing in 
them. The result of this current 
will be to set up a magnetic field 
around each wire as indicated by 
the dotted circles, and as the cur- 
rent is supposed to be steady, 
these lines of force will not change 
in any way and will have no effect on the current. Suppose, 
however, that the current is alternating instead of con- 
tinuous. The lines of force surrounding the wires will then 
change with the change in current ; as the current increases, 
the magnetic field will be built up and lines of force will 
expand, and as it decreases, the lines will collapse on the 
wire. • The result is that there is a cutting of lines of force 
by the line wires; or, a still better way of looking at it is 
that the number of lines threading the space between the 
wires is constantly changing, and the result of this changing 
magnetic field is that an electromotive force is set up in the 
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wires. This E. M. F. of self-induction, as it is called, depends 
on the number of lines of force that arc set up between the 
wires and on the rate at which these lines change; in other 
words, it depends on the frequency of the current. The 
effect of this E. M. F. of self-induction is to make the cir- 
cuit have apparently a greater resistance than it has when 
direct current is used, because a certain portion of the pres- 
sure applied to the circuit is used up in overcoming this 
E. M. F. of self-induction. By referring to Fig. 33, it will 
l)e seen that the farther the line wires are apart, the more 
room there will be between them for lines to be set up, and, 
hence, the greater will be the E, M. F. of self-induction. If 
the wires could be placed side by side in contact with each 
other, there would be little or no self-induction. This, how- 
ever, is not possible, and lines, as strung on poles, always 
possess a certain amount of self-induction. When the two 
wires are twdstcd together to form a cable, as in under- 
ground work, they have little or no .self-induction. The 
amount of the E. M. F. set up in a conductor depends on 
the rate at which lines of force are cut. If the alternating 
current flowing through a line changes very rapidly, it is 
evident that the E. M. F. of self-induction will be much 
higher than if it changed slowly, because the cutting of lines 
of force would not be so great in the latter case. 

86. This E. M. F. of self-induction, as stated above, is, 
to a certain extent, opposed to the current and increases the 
apparent resi.stance of the circuit. Its effect is to make the 
current lag behind the E. M. F., so that the current and 
E. M. F. do not come to their maximum values at the same 
instant. This self-induction may also be present to a 
greater or less degree in the devices that are operated on 
the circuit. A load of lamps possesses very little self-induc- 
tion, but a load of induction motors may introduce quite a 
large amount, and thus make the current lag considerably 
behind the E. M. F. 

87. If we have direct current or if there is no self- 
induction in tbe alternating-current circuit, the p<jwer 
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factor is 1, and the watts are given directly by the product 
of the current and E. M. F. If in an alternating system 
we have to deliver W watts, the apparent watts, or volt- 


W 

amperes, as they are sometimes called, will be -y , where 


f is the power factor, and the current will be 


W 


88. The greatest value that the power factor can have 
is 1, and it has this value very nearly when the load consists 
wholly of incandescent lamps or any other load that has no 
appreciable self-induction. Even when the load is all lights, 
the transformers have a slight amount of self-induction, so 
that the power factor may be about .98. Where the load is 
all motors, the power factor may be taken as .80, and where 
the load is a combination of motors and lights, as about .85. 

Example. — 10 kilowatts are to be delivered at the end of a trans- 
mission line to a load that consists wholly of motors. («) What will be 
the apparent number of watts delivered, i. e., what will be the product 
of the current and voltage at the end of the line ? {b) What will be the 
current if the pressure at the end of the line is 1,000 volts ? 

Solution. — Since the load is all motors, we may take the power 
factor as .80; hence, we have 

10 000 

(a) Apparent watts = — = 12,500. Ans. 

•oU 

{b) The current will be = 12.5 amperes. Ans. 

Note. — If the power factor had been 1 instead of .80, the apparent 
watts would have been the same as the true watts and the current 
would be 10 amperes. 

89 . From what has just been said, it will be seen that the 
effect of an inductive load, and, consequently, low power 
factor, is to necessitate a larger current for a given amount 
of power transmitted than would be required if the load 
were non-inductive. This means, then, that a larger line 
wire must be provided if the drop is to be kept the same. 
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FORMtri.AS FOR MNI<: CAIX I I.ATIONS* 

90. Estimation of Cross-Heetlon of IJiies.— It has 
been shown that in a direct-current transmission line a 
certain drop in voltage is equivalent to a corresponding loss 
hi power. For example, if the drop witre Id per cent, of the 
delivered voltage, the loss of [xmer in Ihe line would also be 
K) per cent, of that delivered at the receiving end. With 
alternating current, the percentage of drop in i)ressure may 
he quite different from the percentage loss in power. In 
case alternating current were u.sed in the (M'reuit mentioned 
above, the drop in voltage would very likely be more than 
10 per cent., on aceoutit c»f the self-in<lu<‘tion of the line. 
Just what the drop would be, eorres{K)nding to a given loss 
in power, depends on the size of the wire, distance apart on 
the pr)les, etc. The exact calculation of line wires for alter- 
nating current is a comfdieated matter, but in nearly all the 
cases that arise in practice they'can be estimated with 
sufficient accuracy by means f>f comparatively simple for- 
mulas. It is seldom that a wire can be obtained of exa<*tly 
the same size calculated unless it is made to order, sf) that 
the approximate formulas give sufficiently close results for 
practical work. The following f(»rmulas, originated by 
Mr. E. J. Berg, will be found convenient for estimating 
alternating-current lines. We will denote the different 
quantities entering into the calculations as follows: 

= distance in feet over which power is transmitted (this 
distance is to be taken one way only, i. e., it is the 
single distance) ; 

total watts delivered at the end of the line (this 
number must express the actual watts delivered, not 
the apparent watts) ; 

P = percentage of power lost in line (it should be noted 
that this percentage is that of the power delivered^ not 
the power generated ; also, it is the percentage power 
lost, not the percentage drop in voltage) \ 

= voltage required at the receiving end of the line, L e., 
the voltage at the end where the fKjwer is delivered; 

/ a constant having the following values; 
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2,400 for a single-phase system operating lights only. 

3,000 for a single-phase system operating motors and lights. 

3,380 for a single-phase system operating motors only. 

1,200 for a three- wire three-phase, and four- wire two-phase 
system, all lights. 

1,500 for a three-wire three-phase and four-wire two-phase 
system, motors and lights. 

1,690 for a three-wire three-phase and four-wire two-phase 
system, all motors. 

The cross-section of the wire required for any given case 

may then be calculated from the following formula : 

/? y IV 

Circular mils = X (14:.) 


Example. — 300 horsepower is to be transmitted by means of the 
three-phase system over a distance of 5 miles with a loss of 10 per cent, 
of the power delivered. The pressure at the end of the line is to be 
4,000 volts and the power is to be used altogether for operating motors. 
Calculate the size of line wire required. 

Solution. — In this case the distance I? is 5,280 x 5 = 26,400 feet. 
The watts delivered will be 300 X 746 = 223,800. = 10 and £*2 = 4,000". 

The constant / for this case will be 1,690; hence, we have from 
formula 


Circular mils =s 


26,400 X 223,800 
10 X 4,000 X 4,000 


X 


1,690 = 62,407, 


or about a No. 2 B. & S. Ans. 


91 . Estimation of Current in Lines. — The current in 
the line wires of an ordinary continuous-current line is easily 
obtained by dividing the watts supplied by the voltage at the 
end of the line. We can obtain the current in the case of 
alternating-current systems by using a similar formula and 
multiplying by a constant, to allow for the circumstances 
under which the current is used. We may then use the fol- 
lowing formula : 

IV 

Current in line X 7*, ( 16 .) 

where W = watts delivered ; 

= voltage at the receiving end of the line ; 

T = constant referred to above. 
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Values of Constant T, 

Single-phase system, all lights 1.053. 

Single-phase system, motors and lights 1 .37(1 

Single-phase system, all motors 1.3t50. 

Two-phase, four-wire system, all lights 526. 

Two-phase, four-wire system, motors and lights. .588. 

Two-phase, four-wire system, all motors 025. 

Three-phase system, all lights 007. 

Three-phase system, motors and lights (J79. 

Three-phase system, all motors 725. 


Example 1. — 100 kilowatts are delivered by means of the two 
phase, four-wire system to a mixed load of motors and lights. The 
pressure at the rereiving end of the line is 2,0(K) volts. Calculate the 
current in each line wire. 

S<»LUTi(^x. — 1(K) kilowatts =: 100, (KK) watts. For this case the con- 
stant 7' will he .588; hence, 


Current ~ X -588 = 20.4 amperes. Ana. 

Examinee 2. — 2(M) kilowatts are transmitted by means of the three- 
I>hase system, tiu* voltage between lines at the receiving en<l l)cing 
4,0(K) volts The load (insists wholly of motors; calculate the current 
in each line. 

SoLUTK)N. — 2(K) kilowatts = 200, (KM) watts. For this case the value 
of /'will be .725; hence, 


Current = X .725 = 86.25 amperes. Ans. 




9^. Est limit Ion of I>rop. — The volts drop in the line 

PX li 

)r a continuous-current system would be w'hen Pis 


the percentage of delivered power lost and is the voltage 
at the receiving end of the line. This formula can be made 
to give the approximate drop in an alternating current line 
by multiplying it by a constant that takes into account the 
conditions under which the line is operated. We may then 
write 

Volts drop in line = — X M. (Itt.) 

1 uu 


The value of the constant M depends on the frequency, 
the power factor of the load, and the size of the line wire. 
The value of J/, under various conditions, is given in the 
following table: 
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TABLE IX. 


No. of Wire B. & S. Gauge. 

Area. Circular Mils. 

Values of M . 

80 Cycles. 

60 Cycles 

m Cycles. 

Lights Only. 

Motors and Lights. 

Motors Only. 

Lights Only. 

Motors and Lights. 

Motors Only. 

Lights Only. 

Motors and Lights. 

Motors Only. 

0000 

211,600 

1.26 

1.27 

1 24 

1.64 

1.85 

1.85 

2 44 

8.06 

3.14 

000 

1167,805 

1 20 

1.17 

1.14 

1.49 

1.63 

1.62 

2 15 

2.62 

2 67 

00 

133,079 

1.15 

1.08 

1 .05 

1 39 

1 46 

1 42 

1 92 

2 25 

2 29 

0 

105,584 

1.10 

1.00 

1 00 

1 80 

1.32 

1 28 

1.73 

1 96 

1 99 

1 

83,694 

1 06 

1.00 

1.00 

1 28 

1.21 

1.16 

1.57 

1.74 

1.78 

2 

66,873 

1 03 

1.00 

1.00 

1.16 

1.11 

1.06 

1 44 

1.54 

1 58 

8 

52,634 

1.02 

1 00 

1 00 

1.11 

1.04 

1.00 

1.35 

1.38 

1.38 

4 

41,742 

1.00 

1.00 

1.00 

1.07 

1 00 

1 00 

1.26 

1 26 

1.22 

5 

38,102 

1.00 

1.00 

1.00 

1.04 

1.00 

1.00 

1.19 

1 16 

1.11 

6 

26,250 

1.00 

1.00 

1,00 

1 02 

1.00 

1 00 

1.14 

1.08 

1.08 

7 

20,816 

1.00 

1.00 

1.00 

1.00 

1.00 

1 00 

1.09 

1.01 

1.00 

8 

16,509 

1.00 

1 00 

1.00 

1 00 

1.00 

1 00 

1.06 

1 00 

1.00 


Example. — 600 kilowatts are to be transmitted a distance of 
6 miles by means of the three-phase 60-cycle system. The loss in the 
line is to be limited to 10 per cent, of the power delivered, and the 
pressure at the receiving end of the line is to be 6,000 volts. The 
current is to be supplied to a mixed load of motors and lights. Calcu- 
late (a) the size of the line wire ; (d) the current in each line ; (r) the 
volts drop in the line; and (</) the pressure generated by the dynamos 
at full load. 


Solution.— 600 kilowatts = 600,000 watts. 6 miles = 6 x 6,280 
= 81,680 feet. Using formula 14, we have, since / for this case 
is 1,500, 


Circular mils = 


81,680 X 600.000 X 1.500 
10 X 6,000 X 6,000 


= 79, m 


(a) A No. 1 B. & S. wire would therefore be used. Ans. 

In order to obtain the current in each line we use formula 15, and 
for this case the value of T will be .679 ; hence, 

(^) Current = X .679 = 67.9 amperes. Ans. 

<r) In order to calculate the volts drop in the line, we use for- 
mula 16* For a No* I wire and a frequency of 60 cycles on a combined 
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lamp and motor load, the value of the constant J/is foimcl to \k 1.21 by 
referring to the table; hence. 

Volts drop X 1.2! =; <2(1. Ans. 

{(/) Since the drop in the line is 720 volts, the pressure at the dynamo 
must be 6,000 4* 726 6,726 volts when the full-load current is iKJng 

delivered. Ans. 

Note. — In the alx>ve example, the drop in the line would have been 
only 600 volts if continuous current were used. 

EXAMPl.EH KOn PRAfTK'E. 

1. 250 horsepower is to be supplied t<' 60-cycle induction motors by 

means of the two-phase, four-wire system over a line 51 miles long. The 
pressure at the distant end of the line is to Ik? 4.(KK) volts and the los,s 
in the line is to Ixj limitcrl to 8 jkt cent, of the power delivered. Cal- 
culate (a) the size of the wire required; (//) the current itieach line wire; 
V) the drop in the line. f < ir. inil.s, nearly ; 

J alK.iit No. 4 n. & .S. 

0) 29 14 amperes. 

I (<*) H20 volts. 

2. A three-phase alternator delivers 400 horseixiwer to a mixed load 
of motors and lights. The pressure at the distant end of tiic line is 
6,000 volts. Calculate the current in each line. Ans. 67.54 ami>ere8. 

6. 5,000 incandescent lamjw are supplied with current frotn a single- 

phase alternator, having a frequency of 125, over a distance of 0 mi!e.s. 
The loss in the line is to l>e limited to 10 j><?r cent, of the power deliv- 
ered and the preSvSure at the end of the line is to be 6,000 volts. Allow 
00 watts for each lamp supplied and calculate (a) the size of the line 
wire; (/;) the current in the line; C) the volts drop in the line; (//) the 
voltage at the generator. C (a) 126,720 cir. mils, or about 

No. 00 n. & S. 

Ans. . (/) 105,2 amjKjres. 

0) 576 volts. 

(d) 3,576 volt s. 

POWER MEABUREMEOT. 

BmECT-CUBRENT CIBCITITS. 

93* It has been shown that the power in watts supplied to 
any direct-current circuit may be obtained by jnultiplying the 
current by the E. M. F. across the lines. For example, in 
Fig. 34, we may, at any time, obtain the watts supplied to 
the motor M by multiplying the reading given by the 
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ammeter A by that given by the voltmeter V. The num- 
ber of watts so obtained represeivts the rate at winch work 

is being done at the in- 
stant the readings are 
taken. It must be re- 
membered that the 
watt is a unit of elec- 
trical power, not work, 
and expresses rate of 
doing ivork. The elec- 
trical unit of work is 
the joule, and when 
work is done at the rate 
of 1 joule fcr second, 
1 watt is expended. 
By combining the volt- 
meter and ammeter we 
can make an instru- 
ment the indications 
of which will be equal to the product of the current and 
voltage, and thus indicate the watts directly. Such an 
instrument is called 
an indicating ivattmc- 
ter. Fig. 35 shows a 
Weston wattmeter of 
the kind referred to. 

The principle on which 
this wattmeter oper- 
ates will be understood 
by referring to Fig. 30. 

Two stationary coils, 
consisting of a few 
turns of heavy wire, 
as indicated by a, a, 
are mounted side by 
side, and a small coil b, consisting of a large number of turns 
of fine wire, is mounted between them on jeweled bearings. 
The motion of the swinging coil is controlled by spiral 
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springs c, r, which also serve to carry the current into the 
coil. The pointer is attached to the axis of the swinging 
coil and plays over a horizontal st'ale. The stationary 
coils /r, a are connected in series in the circuit, so that the 
current supplied to the motor or other device passes through 
them. The swinging coil is connected diret'tly across the 



Fig. m. 


circuit, and a high resistance T is usually connected in 
series with the swinging coil, so as to limit the current flow- 
ing through it to a very small amount ; d are the current 
terminals of the instrument, i. e., the terminals that con- 
nect to the fixed coils; and € are the terminals of the 
swinging coil. 
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94. From the way in which the instrument is connected 
it is seen at once that the current in the fixed coils is the 
same as the current supplied to the device operated ; also, 
since the swinging coil is connected directly across the cir- 
cuit, like a voltmeter, the current in the swinging coil will 
be proportional to the voltage between the lines. Now, the 
twisting force exerted upon the swinging coil depends on 
the current in the coil and the strength of the field. The 
strength of the magnetic field set up through the fixed coil 
is directly proportional to the current flowing through it, so 
that the twisting force exerted on the swinging coil depends 
on the product of the current and the voltage; conse- 
quently, the instrument may be graduated to read in watts. 
Care must be exercised when connecting a wattmeter in a 
circuit not to get the current and pressure terminals con- 
fused, because if the current terminals were connected 
across the line, a short circuit would result, and the instru- 
ment would, in all probability, be destroyed. There is gen- 
erally no excuse for making such a mistake as this, because 
the terminals are entirely different in appearance; never- 
theless, it has been known to occur. If the fine-wire coil is 
connected in series in the circuit, no damage will result, 
but scarcely any current will flow on 
account of the high resistance so in- 
troduced. 


95. If an indicating wattmeter 
were connected to a motor as shown 
in Fig. 37, it would indicate the power 
supplied, and its readings would vary 
as the load on the motor changed. 
Where power is sold to customers from 
a central station, it is generally more 
important to know the total amount 
of work done during a given interval 
of time than the power that the 
motor or other device is taking at any 
particular instant. For example, the 
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Fig, m. 
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company supplyinjx |H)wer wishes to know just how much 
work has been done during^ say, 1 numth. so that the bill 
may be rendered accordingly. If we do work at the rate of 
1 watt, i. e., 1 joule per second, and keep this up for an hour, 
we do a certain definite amount of work. This quantity of 
work is known as the wiitt-hour. 1 joule is equivalent to 
.7373 foot-pound, and .7373 foot-pound per second is 1 watt. 
If, then, we work at the rate of 1 watt and keep it up for 
1 hour, or 00 x 00 seconds, at the end of the hour we will 
have done .7373 x 00 x 00 = 2,054.28 foot-pounds of w^ork. 
In order to obtain the total amount of work expended on 
any d<‘vice, we must use some instrtiment that will give us 
the product of the average rate at whic'h work has been 
done by the time during w'hich it was done. Such an 
instrument is known as a reeonllnjiC wattnu'ter, or watt- 
hour metier. The latter name is preferable, because the 
readings of these instruments do not give w^atts, but watt- 
hours. 

90, Fig. 38 shows a Thomson recording wattmeter, 
which is without doubt more largely in use than any other 
one type. It is in principle a wattmeter similar to that 
shown in Fig. 33, except that the fine-wire coil is arranged 
so as to revolve instead of being merely deflected. In order 
to bring this abf)ut, the fine-wire coil is made up in the form 
of a small drum-wound armature without an iron core, as 
shown at a. This armature is mounted on a vertical shaft 
and is provided with a small silver commutator, the current 
being led into the armature by means of the silver-tipped 
brushes A The current coils are shown at r, c The meter 
is, in fact, a small electric motor without iron in either its 
armature or field. The lower end of the shaft carries a 
copper disk that revolves between the poles of permanent 
magnets. The eddy currents set up in the disk retard the 
motion of the armature, just as the reaction of the current 
in the armature of an ordinary dynamo retards the engine. 
This retarding action of the disk can be adjusted by swing- 
ing the poles of the magnets in or out from the periphery* 
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The speed with which the meter runs is thus made propor- 
tional to the watts expended at any given instant, and the 

total number of revolutions disk makes in a given 

period is proportional to the total number of watt-hours of 
work done during that period. 



FIG. 38. 


The number of watt-hours used during a given time is 
obtained by taking readings from the dials at the top of the 
meter in much the same way as a gas meter is read. On 
some meters, the reading as taken from the dial has to be 
multiplied by a constant in order to give the watt-hours. 
This constant is marked on the dial. 

97. Fig. 39 shows the method of connecting up a Thom- 
son recording wattmeter of small capacity on a two-wire 
circuit. The wires from the line always enter the meter at 
the left, and those going to the load pass out at the right. 
When the meter is of large capacity, only one side of the 
circuit is run through it and a small “ potential wire is run 
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in from the other side, so as to put the armature across the 
circuit. This method of connection is shown in Fig. 40, 
Fig. 41 shows a meter connected to a three-wire circuit. 



The neutral wire does not enter the meter, but a tap is taken 
off from it so as to put the armature across one side of the 



circuit. The field coils are connected in series with the 
outside wires, as shown. In Fig. 39 the starting, or shunt, 
coil, as it is sometimes called, is a coil of fine wire in series 
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with the armature and placed inside one of the field coils. 
It provides just about enough field to start up the meter, so 
that when a light load is thrown on, the meter will start up 
readily. The coil is intended to overcome friction and make 
the meter more accurate on light loads. 



98. The above remarks relating to recording wattmeters 
have been made with special reference to the Thomson 
meter, because this one is so widely used. It is accurate 
and has the great advantage that it will operate on either 
direct or alternating current. If properly cared for it will 
give good results, but the commutator is delicate and must 
be kept in good order. 


AXTEBNATING-CURRENT CIRCITITS. 

99. Slngle-Fliase Circuits. — The power supplied to an 
alternating-current circuit cannot generally be obtained by 
multiplying the current by the voltage. The power factor 
of the load must be taken into account, and the only case 
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where the volts multiplied by amperes would be equal to the 
watts would be where the device operated had practically no 
self-induction or electrostatic capacity, as, for example, a 
load of lamps. 

100 . The best method of measuring the power supplied 
to an alternating-current circuit is by means of a watt- 
meter. There are methods of doing it by means of amme- 
ters and voltmeters, but they are seldom used in practical 
work. An indicating Avattmetcr connected as shown in 
Fig. 37 on a single-phase alternating-current circuit will 
indicate the actual watts expended. If a record of the watt- 
hours supplied is desired, a Thomson recording wattmeter 
may be connected in the same w^ay as for a direct-current 
circuit, as shown in Fig, 39, 40, or 41, because, as already 
mentioned, this type of recording w'attmcter will work on 
either direct or alternating current. Also, the Thomson 
meter may be used on any of the ordinary frequencies and 
still give accurate results. 

101 . Induction Wattmeters.— There are a number of 
different types of recording wattmeters that operate on the 
principle of the induction motor. In these meters two 
coils are usually provided (for a single-phase meter), one 
being a current coil and the other a potential coil. These 
coils are so arranged that the currents in them differ in 
phase, and the shifting magnetism so set up acts on a small 
armature, which usually takes the form of a copper or 
aluminum disk or drum. Currents are set up in this arma- 
ture under the influence of the changing magnetic field, just 
as in the squirrel-cage armature of an induction motor j 
in fact, induction meters are practically small induction 
motors. Fig. 42 .shows an induction meter (single-phase) 
made by the Fort Wayne Electric Works. D is the revolv- 
ing aluminum armature, which is in the form of an inverted 
cup; u is the current coll, which is wound on an iron core, 
the pole piece of w^hich faces /A The potential coil occupies 
a similar position back of the armature and is therefore 
not seen in the figure. The fine-wire potential coil is used 
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in connection with a choke coil, so that the currents in a 
and the potential coil differ in phase, and the result is that a 
turning effort is exerted on drum D, The cup-shaped drum 
D answers both for the armature and damping disk, and the 
speed control is effected by the permanent magnet /i, which 
exerts a dragging action on the armature. The adjustment 



Fig. 42. 


of the meter is brought about by raising or lowering E, thus 
making the meter run slower or faster, as desired. Induc- 
tion meters can, of course, be used on alternating current 
only and current of the frequency for which they are 
adjusted. They have one advantage over the Thomson 
meter in that they have no commutator to give trouble. 

103 , Ampere-Hour Meters. — Many of the meters for- 
merly used , recorded ampere-hours instead of watt-hours. 
It is evident that the number of ampere-hours gives no idea 
as to the amount of work done during a given time, unless 
the pressure at which the current was supplied is known. 
For example, 200 ampere-hours at a pressure of 50 volts 
would be equal to 10,000 watt-hours, assuming that the 
pressure remained constant at 50 volts during the time and 
that the power factor of the load was 1. If the pressure 
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were 100 volts, the same meter reading would be equivalent 
to 20,000 watt-hours. Am|>ere-hour meters are not used 
nearly so much as formerly. Practically, all the mcKlern 
meters are watt-hour meters, and, hence, take account of 
variations in pressure as well as of current. The earlier 
types of Westinghouse, or Shallcnberger, and Duncan meters 
measured in ampere-hours. The gn*at objection, however, 
to the use of ampere-hour meters on alternating-current 
circuits is that, if the load is at all inductive, i. e., if the 
power factor is less than 1, tlu‘y run u]) a larger bill against 
the consumer than they should for the actual power sup- 
plied. An ampere-hour m(*ter takers noac eount of the fK>wer 
factor, but simply meastiies up the current; consequently, 
for the same actual [>ower usetl it will run up a larger bill 
than a recording wattm<*ter would if it wtTc connected on 
the same circuit. The customer pays for power, not for 
current, and the ampere-hour meter readings multiplied by 
the average voltage would give a larger number of watt- 
hours than was actually used. Of course, when the load is 
all lights, the power factor is practically 1, and for such 
service the ampere-hour meter gives fair readings; but when 
it comes to measuring power supplied to induction motors 
or other inductive loads, recording wattmeters should 
be used. 

103. If the power supplied to an alternating-current 
single-phase circuit is to be measured by means of an 
ammeter and voltmeter, the power factor f of* the circuit 
must be known. The watts may be obtained by solving 
formula 13 for which gives 

W=:CxIixf, (17.) . 

where C is the ammeter reading and /£ the voltmeter read- 
ing. In most cases, the value of the power factor f is not 
known exactly, so that it is best to use a wattmeter. 

104# Two-Fliase Cfreult«. — In order to measure the 
power supplied to any receiving device operated on a two- 
phase system, as, for example, a two-phase induction motor, 
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it is best to use two wattmeters, one connected in each 
phase, as shown in Fig. 43. The total power supplied will 
then be the sum of the readings of the two meters. If the 
load on the two phases is exactly balanced, one wattmeter 
may be connected in one phase and its reading multiplied 
by 2. It is not safe to do this, however, unless it is known 
that the two sides are balanced. If only one wattmeter is 
available, it may sometimes be arranged so that it may be 


Current COft 



FIG. 48 . 


connected first in one side and then in the other, but as a 
rule this is troublesome. On a three- wire two-phase system, 
the two wattmeters would be connected in very much the 
same way as shown in Fig. 43, one end of each of the pres- 
sure coils being connected to the middle wire. If / is the 
power factor of a balanced two-phase system, C the current 
in each phase, and E the E. M. F. per phase; then the 
watts supplied will be 

W^2CEf. ( 18 .) 

Example.— Power is delivered to a two-phase induction motor 
having a power factor of .85. The current in each phase is 80 amperes, 
and the voltage of each phase 220 volts. Calculate the horsepower 
supplied to the motor. 

Solution,— W e have 

Watts = 2 C X A* x/ 

= 2 X 80 X 220 X .85 

= 11 , 220 . 

Hence, H P. = = 15. nearly. Ans. 

105 . Three-Phase Clrc*uits.— In the three-phase sys- 
tem we do not usually have three distinct circuits. If three 
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distinct circuits were used, six wires would be necessary. 
Each wire serves alternately as the return for the other two, 
and on this account wattmeters have to be connected some- 
what differently than on an ordinary circuit when measure- 
ments of power are being made. If the power is supplied to 



FIO. 44. 


a balanced load, as, for example, a load consisting wholly of 
three-phase motors, one wattmeter may be used to measure 
the power, as indicated in Fig. 44. The method of (‘onnect- 
ing the potential coil p and the resistances r,, and r, 
should be noted. These 
resistances are connect- 
ed as shown in order to 
obtain an artificial neu- 
tral point, similar to the 
common connection of 
a Y-connected three- 
phase armature. This 
combination of resist- 
ances is sometimes 
called a “ Y resistance,” 
ora“Ybox.” Although 
the current coil is in one 
side of the system only, 
the instrument can be 
calibrated to read the 
total watts delivered, 
assuming, of course, 
that the load is bal- 
anced. FlO. 45. 
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106 . Fig. 45 shows how to connect a Thomson record- 
ing wattmeter with its Y resistance so as to measure the 
power on a balanced three-phase circuit. The recording 
meters are so calibrated that their reading multiplied 
by the meter constant, if there is one, gives the total 

power supplied. Fig. 45 
shows the connections 
when the meter is used 
on circuits where the 
pressure is not over 
500 volts. When the 
pressure is higher than 
this, small transform- 
ers /, /, Fig. 46, are 
used to step down the 
voltage for the pres- 
sure coil of the record- 
ing wattmeter, and the 
connections are as 
shown in the figure re- 
ferred to. 

107 . If the cur- 
rent in each line of a 
balanced three-phase 
system is (7, the pres- 
sure between the 
lines A, and the power 
factor of the load /*, then the watts delivered will be 

IV = 1.732 X £xCx/. ( 19 .) 

Example. — A three-phase motor takes a current of 40 amperes from 
a 500-volt line. How many horsepower are supplied if the power factor 
of the motor is .80 ? 

Solution. — We have 

W^=1.732 x Ax Cx/ 

= 1.732 X 500 X 40 X .80 
= 27,712. 

H. P. = = 37.1. Ans. 



Hence, 
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108 . The power factor of induction motors varies 
g^reatly with the load and also with the size of the motor. 
The power factor of a good motor of fair size running at full 
load will usually lie between ,85 and .90. When running at 
^ to } load, the power factor may drop to .75 or .80. For 
this reason, the student is cautioned against making power 
calculations in connection with induction motors or any other 
piece of alternating-current apparatus by multiplying the 
current and E, M. F. together. Such calculations may be 
far from correct, unless the power factor is known and 
taken into account as shown above. Take, for example, the 
common case where a transformer primary is connected, say, 
to 2,(K)0-volt mains and its secondary is open and supplying 
no current whatever. A .small current will flow through 
the primary; in this case we will say .25 ampere. The 
apparent power that the primary is taking is .25 x 2,000 
= 500 watts. If the power were measured by means of a 
wattmeter, it would ])e found that the actual power supplied 
was not nearly as large as this; it might not, ih fact, be 
more than one-half this amount. On the other hand, if the 
transformer were working on a full load composed of lights, 
the product of the current and the E. M. F. would give very 
nearly the actual power, because the power factor would, 
under such circumstances, be nearly equal to 1. 


SPECIAI* METERS. 

109 . The Twc-Iiate Meter. — Most electric-light sta- 
tions have their period of heaviest load for a few hours only, 
in the evening. During the daytime the plant is lightly 
loaded and a large part of the machinery is standing idle. 
In order to obtain a “day load” and thus work the plant to 
best advantage, some companies supply power during the 
daytime at specially low rates in order to induce customers 
to use electric motors. For measuring the power supplied 
to such customers, two-rate meters* are sometimes used, 
A two-rate meter is one that records the power during 
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certain hours of the day separately from the power used in 
the evening, so that the amount of power to be charged for 
at the reduced rate may be known. The two-rate meter as 
brought out by the General Electric Company is a regular 
Thomson recording meter provided with two dials and 
recording trains. The meter is also provided with an elec- 
trically operated self-winding clock movement that throws 
either one or the other recording train into gear with the 
meter at whatever times the clock is set for. For example, 
the clock might be set so that the meter would record on the 
low-rate dial from 6 a.m. to 6 p.m. and then be switched over 
to record on the high-rate dial from 6 p.m. to 6 a.m. The 
changing over from one dial to the other is accomplished 
by means of two small friction clutches controlled by 
the clock. 

110. The Maxlmiim-Domand Meter. — The maximum 
amount of current that the various customers consume, to a 
large extent determines the capacity of the equipment that 
must be provided for the station. Some customers might 
use large currents for short intervals, but the plant would 
have to be capable of delivering these large currents, and in 
some cases, therefore, the maximum demand for current is 
taken into account in charging for the supply of current. 
One style of instrument used for indicating the maximum 
current used by a customer is the Wright demand meter. 
In this instrument the main current passes around a flat 
conductor that encircles a bulb on the top of one branch of 
a U-shaped tube, which is partly filled with liquid. When 
current flows through the strip the bulb becomes heated, 
thus expanding the air and forcing liquid into a bulb on the 
top of the other branch of the U tube, from which it flows 
into a vertical tube closed at the lower end. The amount 
of liquid thus forced into this tube, by the expansion due to 
the heating effect of the main current, is a measure of the 
maximum current used by the customer, and this reading, 
in conjunction with the reading of a regular watt-hour 
meter, can be used in determining the charge to be made. 
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mSTALLAllON ANI» OI*KltA'rit>N OF llECOKDINO 

METEKS. 

111 . When an electric light or power company supplies 
power to a consumer, they wush to know the total amount 
of energy supplied during a given time, say 1 month, rather 
than the amount of power that the customer is using at any 
particular time, just as a gas company wishes to know the 
total number of cubic feet of gas used during the month 
rather than the number of cubic feet iiseti by the customer 
at different times during the month. Jii order to get at 
this, recording wattmeters or amjicre-hour meters are 
installed. The former read in watt -hours and the latter in 
ampere-hours, A recording w^attmeter rci'ords wait -hours 
and not watts, giving the product of the average of 

watts used by the time during which it was used. For 
example, one day the customer s motors or lights might take 
3,000 watts for 10 hours (30,000 watt-hours), and the next 
day only 1,000 watts for 3 hours (3,000 watt-hours), and so 
on. The recording wattmeter, or, more properly, the watt- 
hour meter, averages up all these values, and by taking the 
reading at the end of the month and subtracting the previous 
reading, the watt-hours of electrical energy used during 
the month may be obtained. (Ine kilowatt-hour is ecpial 
to 1,000 watt-hours, and since 1 horsei>ower is equal to 
746 watts, 1 kilowatt-hour equals horsepower-hours. 

One kilowatt-hour is, therefore, equivalent to about 1 J: horse- 
power expended for 1 hour. 

113. As stated above, wsome meters, especially those of 
the older types, record ampere-hours. It is evident that 
ampere-hours are not a true measure of the work done, 
because no account is taken of the voltage. If the voltage 
can be assumed to be constant, a fairly close estimate of the 
watt-hours may be obtained by multiplying the ampere- 
hours by the voltage. In what follows, we will confine our 
attention to the Thomson recording wattmeter, as this is 
used more extensively than any other one type. 
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113 . Installation of Meters. — Directions are sent out 
with each particular type of meter, giving points to be 
observed in setting up and connecting. See that the meter 
is leveled properly, that the shaft turns freely, and that the 
commutator and brushes are in good condition. Be sure 
that it is placed in a position where it will not be subjected 
to vibration, as this is very liable to injure the jewel and 
pivot. Mount the meter on a brick wall, if possible, and 
do not place it near where a door is being continually opened 
and shut. Also place it where it will not be exposed to 
dampness, an unusual amount of dust, or chemical fumes of 
any kind. 

114 . Testing Meters. — Recording wattmeters should 
be checked up with a standard direct-reading meter occa- 
sionally to see if they record correctly. In order to do this, 
the meter is set to work on a load of lamps, or other con- 
venient resistance, the standard direct-reading wattmeter 
being connected as shown in either Fig. 47 or Fig. 48. A 



chalk mark is made on the meter disk, so that the revolu- 
tions may be easily counted, and the revolutions are taken for 
40 to 60 seconds, the observer using a stop watch. Another 
observer reads the standard instrument, and the load is kept 
as nearly constant as*possible throughout the test. The meter 
watts may then be calculated from the following formula: 
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Ax A" X 3,(100 

Meter watts — -y, - - (»0*) 

where 

A = number of revolutions in T seconds; 

7'= time in seconds of A revolutions; 

K = constant of meter (this is marked on the meter dial). 

The actual watts are obtained from the standard meter, 
hence the percentage by which the meter is ('orrect is found 
by dividing the watts as given by formula by the watts 
as given by the standard meter. 



Example. — The disk of a l()-am()ere, lOO-volt Thomson meter makes 
10 revolutions in 60 seconds. The average standard watts as indicated 
by the standard meter are 30J1. Find the jxircentage error of the 
recording meter. The constant of the meter is 

Solution. — F rom formula SJO, we have 

Meter watts = 300 . 

{gj = .99, or 99^. Ans. 

The meter is, therefore, 1 per cent. Uh) slow, and the damping 
magnets should be shifted in a little so that the retarding action on the 
disks will not be so great. 

115* If a standard wattmeter is not available for test- 
ing purposes, separate ammeters and voltmeters may be 
used for direct-current work, but they are not as convenient. 
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In Figs. 47 and 48, it will be noticed that the energy con- 
sumed in the potential circuit of either meter is not meas- 
ured by the other; that is, the current in the armature of 
the Thomson meter does not pass through the fields of the 
standard meter ; neither does the current in the shunt of the 
standard pass through the field coils of the Thomson meter. 

116. To test a meter used on a three- wire 110- to 220- 
volt circuit it may be connected as shown in Fig. 49. The 
potential circuits of these meters are wound for 110 volts. 
The field coils can, therefore, be connected in series, and 



the standard meter connected in as shown in Fig. 49. In 
formula 20, however, K should only be taken as one-half 
the constant marked on the dial. Aside from this, the 
meter can be tested in the same manner as a two-wire 
meter, 

117. Cleaninjc Meters. — The first thing to be done in 
cleaning meters is to blow out the dust. A small syringe is 
useful for this purpose. Parts that can be reached should 
be wiped out with a cotton cloth. Clean the top bearing 
and worm-gear, but do not oil them, as the oil is liable to 
find its way on to the commutator. If the train of the 
counter is stiff, give it a bath in gasoline. Next see that 
the brushes present a clean, flat, smooth surface to the 
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codimutator A piece of crocus cloth glued to a narrow, thin 
stick answers for polishing the brushes, ex('ef)t in cases where 
grooves are worn in them. If this is the case, a small fine- 
grained file may be used before polishing. After the brushes 
are put in proper shape, the commutator should be polished 
w ith a narrow strip of cotton tape, or, if necessary, a worn 
strip of crocus cloth. To use the enn us cloth or tape, pass 
it around the commutator, cross the ends in front to prevent 
catching the brushes, then pull the strip back and forth, at 
the same time twirling the rotating part. The spaces 
between the commutator segments can be cleaned out with 
a stick whittled to a thin, fiat point. 

118. The jewel and pivot on the lower end of the 
shaft should next be carefully examined. The jewel can be 
tested with a fine-pointed needle, and if found rough or 
scratched, it should be replaced by a new one. The shaft 
end or pivot may be removed with a special tool provided 
for the purpo.se, screwed into the end of an old shaft, and 
any roughness detected by rubbing it over the finger nail. 
If found rough, a new shaft end should be put in. A drop 
of good clock oil may be put on the jewel, except when the 
meter is in a dusty place. Sometimes the armature circuits 
of meters become broken, in which case the meter will not 
come up to speed even with the magnets swung in as far as 
they will go. Again, if the meter cannot be brought down 
to the proper speed, the magnets may be too weak or there 
may be a short circuit in the resistance in the back of the 
meter, thus letting too much current through the armature. 

119. Readini^ Meters. — Reading meters is considered 
a difficult task by many, but once the dials are thoroughly 
understood there should be no trouble in reading correctly. 
The dials on a recording wattmeter bear a considerable 
resemblance to those on a gas meter. The arrangement 
differs somewhat with different makes, but if one is able to 
read the Thomson meter correctly, there should be little 
difficulty with the others. 
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120* The Thomson meter has five dials. The lowest 
reading*: pointer is the one to the extreme rij^^ht (facing the 
meter); it is marked 1,000, and this means that mu a>m- 
plete revolution of the hand indicates 1,000 watt*hours, and 
each division, therefore, represents 100 watt-hours. The 
next one to the left is 10,000 to a revolution, or 1,000 for a 
division, and so on. Pig. 50 shows six different readings, 
and by studying these, the student should be able to take 
readings from any meter. Some of the.se figures have the 
hands in positions that are liable to puzzle the beginner. 

Beginning at the left, number the pointers 1, 2, 3, 4, and 5. 
Then, in /, Fig. 50, pointer 5 is on 2 and is read ^‘200.*’ 
Pointer 4 is two-tenths of the way between S and i) and is 
read **8,000.” Pointer 3 is read **10,000/' Pointer 2 has 
not gone through its first division; likewise pointer 1. 
The statement of the meter is then 18,200, and is to be 
multiplied by the constant of the meter to reduce to watt- 
hours. 

The statement of //is 5,718,000 (not 5,719,900, as it fre- 
quently would be read). Pointer 4 should not be read 
until pointer 5 has completed its revolution and is again 
at (K 

The statement of ///is 99,800 (not 109,800), because the 
100,000 mark will not be reached until pointer 5 has passed 
from 8 to when 4 and 3 will be at 0, pointer 2 at /, and 
pointer 1 just past the zero mark. 

The statement of IV is 9,990,800. Pointer 1 is slightly 
misplaced. Otherwi.se, the reasons given above will apply 
to this statement. 

The statement of V is 8,019,900. Pointer 2 is misplaced; 
for it should be two-tenths of the way between 6 and 7 
instead of nearly over 6\ as shown. 

The statement of VI is 834,200. Pointer 4 is misplaced; 
it should be two-tenths of a division to the right of 4, 
instead of as shown. These misplaced hands are fre- 
quently met with in practice and are generally caused by 
a knoc'k in removing the cover, or, perhaps, they are a 
little eccentric. 
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131. Buie . — To ascertain the number of watUhours tna^ 
have been used by a consumer from one date to another^ sub- 
tract the earlier statement from the latter and multiply by 
the constant of the meter. 

Sometimes no constant is marked on the meter, in which 
case the reading as taken from the dial is watt-hours, or, in 
other words, the constant is 1. 

Example. — Suppose the statements as given by Fig. 50 were taken 
at the following dates : 

Statement January 80 (V) ~ 8,619,900. 

Statement February 28 (/F) = 9,990,800. 

Statement March 31 (/) = 18,200. 

The constant of the meter is supposed to be 4 . 

Solution. — The watt-hours supplied between January 80 and Feb- 
ruary 28 = (9,990,800 ~ 8,619,900) X i = 685,450. Some prefer to first 
multiply each reading by the constant and then subtract as follows : 
i X 9,990.800 - i X 8,619,900 = 685,450. 

The watt-hours supplied between February 28 and March 31 are 
obtained as follows : It will be noticed that 10,000,000 is the highest 
reading of the meter and that between the two above dates the meter 
has run up to its highest point and has registered 18,200 anew. The 
watt-hours will therefore be 

(10,000,000 - 9,990,800) X i + 18,200 X i = 18,700. Ans. 
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LIKE COKSTllUCTIOK. 

1 . Xlne construction may be considered conveniently 
under two heads ; (a) overhead construction ; (^) under^ 

ground construction. 

For nearly all work in towns and small cities or for cross- 
country work, the lines are supported on poles. In cities, 
the current is now usually distributed, at lea.st so far as the 
central part of the cities is concerned, by means of wires or 
cables run in underground tubes or ducts. This method is, 
of course, much more expensive than the overhead method; 
but the large increase in the number of wires used for 
different electrical purposes has rendered underground dis- 
tribution in cities almost absolutely necessary. 


OVEKHBAB CON8TBIICTIOK. 


Belectlou of Poles. — The poles used to the greatest 
extent in this country are of the following kinds of wood : 
white cedar, Norway pine, chestnut, and cypress. The 
average lives of these, under average conditions, are placed 
by good authority at the following values: 

§ lo 
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Norway pine 6 years. 

Chestnut 15 years. 

Cypress 12 years. 

White cedar 10 years. 

Cedar poles are undoubtedly used to the greatest extent. 
Considering their strength, they are light in weight, and, 
by some authorities, are considered the most durable, when 
set in the ground, of any American wood suitable for pole 
purposes. 

3 . Sizes of Poles. — The best lines in this country use 
no poles having tops less than 22 inches in circumference. 
If the poles taper at the usual rate, the specification that a 
pole shall have a top 22 inches in circumference, or approxi- 
mately 7 inches in diameter, is usually sufficient, for the 
diameter at the butt will then be approximately correct, no 
matter what may be the length of the pole. 

4 . Where a pole line is to carry but few wires, it is unnec- 
essary to make the poles so heavy, and in many cases poles 
with a 5-inch top will answer every purpose. In determi- 
ning the height of poles, several considerations must be 
borne in mind. The number of wires to be carried, and 
therefore the number of cross-arms, determines to some 
extent the general height of the pole to be used. 

Spacing^ of Poles. — Practice varies as to the spacing 
of poles. Of course, the number and sizes of the wires to 
be carried is the most important consideration in determi- 
ning this point, but the climatic conditions, especially with 
regard to heavy wind and sleet storms, should also be 
considered. In general, it may be said that the best lines 
carrying a moderate number of wires use 40 poles to the 
mile, while for exceptionally heavy lines, the use of 52 poles 
to the mile, or one pole every hundred feet, is not uncommon 
practice. As a general rule, which it is safe to follow in 
the majority of cases 35 or 40 poles to the mile should be 
used. For city work, the poles should be set on an average 
not farther apart than 125 feet. 
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CROSIS-AUM8. 

15* cross-iiniis should be nicidc of wcll-sc*isoned^ 

straifjht- grained, Norway pine, yellow pine, or creosoted 



white pine. Cross-arms are made in standard sizes, the 


length of the arm depending on the number of pins 
it is intended to hold. The standard cross-arm is 
•H inches, and varies in length usually from 3 to 
8 feet. They are usually bored for IJ-inch pins and 
provided with holes for two 4 -inch bolts. The arms 
are generally braced by flat, iron braces, about 
inches wide by | to | inch thick. These braces 
are shown in Fig. 1, which gives a view of an ordi- 
nary pole top provided with two 4-pin cross-arms. 

I»INS. 

7» The pins by which insulators are mounted 
upon cross-arms are shown in Fig. 2. They may be 
made of locust, chestnut, or oak (the woods being 
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preferred in the order named), and are turned with a coarse 
thread on the end on which the insulator is to be secured. 
The shank K is turned inches in diameter. 

The pin should be secured in the hole by driving a nail 
through the arm and the shank of the pin. This renders it 
difficult to extract the shank t)f the pin in case a new one is 
required ; but, on the other hand, it prevents the pin pulling 
out, which sometimes occurs when this precaution is not 
taken. For heavy lines, pins are used that have an iron 
bolt passing through them. Fig. 3 shows a pin for this 
kind designed by F. Locke, with a heavy insulator for 
carrying a cable in the groove a. 


HSrSUIiATORS. 

8* Instilators in this country are usually made of glass, 
while in Europe porcelain is more commonly used. Porcelain, 

when new, is a better insulator 
than glass ; but it is more costly, 
and under the action of cold the 
glazed surface becomes cracked. 
When this happens, the moisture 
soaks into the interior structure, 
and its insulating quality is 
greatly impaired. Tests re- 
cently made have shown that 
when newly put up, the insula- 
tion resistance of porcelain insu- 
lators is from 4 to 8 times better 
than glass, but that along rail- 
roads and in cities smoke forms a 
thin film upon each material, so 
that at the end of a few months 
their insulating properties are nearly alike. On country 
roads, away from railroad tracks, the porcelain insulators 
maintain a higher insulation than the glass during rain 
Storms, but in fine weather it is not so high. Porcelain has an 
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advantage over glass in that it is not so brittle, and, there- 
fore, less likely to break when subjected to mechanical 
shocks. Porcelain does not condense and retain on its sur- 
face a thin film of moisture so readily as glass, i. e., it is 
less hygroscopic. On the other hand, however, glass insu- 
lators are not subject to such an extent as porcelain to the 
formation of cocoons and cobwebs under them, the transpar- 
ency of the glass serving to allow sufficient light to pass 
through the insulator to render it an undesirable abode for 
spiders and worms. As cocoons, col)webs, etc, serv’’e to 
lower the insulation of the line to a great extent, this is an 
advantage that, in this country, it is not well to overlook. 

O. Types of Insulatoi*s. — For ordinary work with 
moderate pressures, glass insulators are used. The style of 
insulator will dei)end to some extent on the size of wire 
to be sup|)ortcd. Most j)ower>transmission lines are of 
weather-proof wire or cal)le; wires smaller than No. 0 or 8 
B. Sc S. are seldom [>ut up, hence the glass insulators, as a 
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rule, must be heavier than the kind used for telegraph or 
telephone work. Fig. 4 shows an insulator, known as the 
D. G. (deep groove), that is well adapted for ordinary lines. 
This insulator is so called to distinguish it from those with 
smaller grooves, such a.s are used for telephone or telegraph 
work. It is provided with two petticoats, or flanges, a, b 
over which leakage must take place before the current can 
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leak from the wire to the pin. The use of a number of 
petticoats increases the leakage distance and provides a 
high insulation. Insulators used on high-tension lines are 
provided with a number of such petticoats. When heavy 
cables are used, it is customary to carry them on especially 
heavy insulators and to tie down the cable on top of the 
insulator instead of tying it to the side. Fig. 3 shows a 
common type of such insulator. The cable rests in the 
groove a and is held in place by a tie-wire twisted around 
the cable and passing under the ears at c. Good quality 
glass insulators, such as those just described, may be used 
for any lines where the potential is not over 2,000 or 3,000 
volts. For higher pressures on transmission lines, it is better 
to use a larger insulator giving a higher degree of insulation. 



Fig. 0. FIG. 7. 


Fig. 5 shows a Locke insulator of glass that is suitable for 
any pressure up to 5,000 volts. This insulator is 4^ inches 
in diameter, and it will be noted is provided with three 
petticoats, thus giving a long leakage distance from the 
wire to the pin. Fig. 6 shows a still larger insulator ; this 
one is suitable for pressures up to 25,000 volts and is 
5| inches in diameter. For high pressures, porcelain insu- 
lators have been largely used ; as yet there does not seem to 
be any settled opinion as to just which is the better, glass or 
porcelain, for this kind of work. Fig. 7 shows a type of 
porcelain insulator that is used extensively in connection 
with the Niagara transmission plant. These insulators are 
elliptical, or helmet,” shaped and have aneave, or ridge, a 
on each side. The object of these ridges is to run off the 
water to the end of the insulator, where it will drop clear of 
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the cross-arm. These extra large insulators are only nec- 
essary for the high-tension lines, and by far the greater 
part of electric-light lines are carried on ordinary glass 
insulators of the fype shown in Figs. 3 or 4. 


TYINO AND HPXACINO. 

10 . Tylnir. — Fig. 8 shows the method of tying that is 
commonly used. The 
tie-wire a is usually 
from 12 to IG inches in 
length and should he 
insulated to the same 
extent as the wire to be 
tied. The line wire is 
laid in the groove of the 
insulator, after which 
the two ends of the tie- 
wire, which have been 
passed h a 1 f w ay a r o u n d 
the i n s ii l.a tor, are 
wrapped tightly around the wire. Some li nemen advocate the 
plan of starting to wrap one end of the tie-wire over and the 

other end under the line wire. 
Fig. 9 shows a method of tying 
that is used where the wire 
lies on top of the insulator. 

1 1. Splicing. — The Amer- 
ican wire joint shown in 
Fig. 10 is generally used where 
splices must be made. The 
wires are placed side by side and each end wound around the 
other. All joints should be soldered. The rules of the 
National Board of Fire Underwriters require that all line 
joints shall be mechanically and electrically perfect before 
being soldered ; i. e., solder should not be depended onto 
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make the joints strong mechanically or efficient as an elec- 
trical conductor. In other words, soldering should always 
be done simply as a safeguard against any diminution in 



Fig. 10. 

the electrical conductivity of the joint. Large cables are 
joined either by weaving the strands together and soldering 
or by using a copper sleeve into which the ends of the cable 
are fastened. 


XTNDEROROITNB CONSTRUCTION. 

12. In cities, it is necessary to place the wires under- 
ground, especially in the business districts. The best way 
to do this is to provide a regular tunnel, or subway, in 
which the various wires, or cables, can be placed and which 
will be large enough to allow a man to walk through for 
inspection or repair. This method is, however, very expen- 
sive and can only be used in a few very large cities. Another 
method is to use ccniduits through which to run the cables. 
These conduits usually consist of tubes of some kind that 
are buried in the ground and thus provide ducts into which 
the cables may be drawn. These ducts terminate in man- 
boles, usually placed at street intersections, by which access 
may be had to the cables and from which they may be 
drawn into or out of the ducts. A third method, and one 
that has been largely used in cities for distributing current 
for lighting purposes, is to bury tubes containing insulated 
conductors in the ground. In this system the conductors 
cannot be withdrawn, as in the conduit system, and there is 
a separate tube for each set of conductors. The Edison 
tube system belongs to this variety, and a very large amount 
of lighting on the three-wire system has been carried out by 
using underground conductors of this kind 


§15 


ELECTRIC TRANSMISSION. 


9 


C!Oxi>irn'8. 

13. A large variety of con<ltilta are in use, and it has 
not been definitely settled as yet just which type is the 
best; but the following will serve to give an idea as to some 
of the more common forms that have stood the test of 
actual vrork and are in extended use. 

14. Creosoted-WocKl Conduit. — A form of conduit 
largely used, and which has the advantage of being very 
cheap to install, is one that is 
composed of sections of wooden 
tubing, the fiber of the wood 
being impregnated with creosote, 
in order to prevent its decay. 

This form of conduit is com- 
monly known as piiini>-loK eondnlt, on account of the 
resemblance of the wooden sections to tlie ordinary form of 
wooden pump logs. A s<‘cti(m of this ('onduit is .shown in 
Fig. 11; the ends are doweled in order to {)reserve the 
proper alinement in joining. 'Fhese se('tions are usually 
8 feet in length, and have circular holes through their 
centers from 11 to ^1 incdies in diameter, according to the 
size of cable to be drawn in. The external cross-section is 
square and 4| inches on the side, in the case of a tube hav- 
ing a 3-inch internal diameter. Such a conduit as this, if 
properly impregnated with creosote, will prr)bably have a 
life of from 15 to 20 years, and perhaps much longer, this 
point being one concerning Avhich there is coiisiderable 
argument and which, probably, time alone will decide. In 
some cases, difficulty has been experienced with creosoted- 
wood conduits on account of the creosote attacking the 
lead covering of the cables. 

15. Cement-Iilned Pipe Conduit.— -This conduit, made 
by the National Conduit and Cable Company, is now largely 
used for underground wires. The sections shown in Fig. 12 
are usually 8 feet long and are made as follows: A tube is 
made of thin wrought iron, No. 26 B. W. G., .018 inch thick 
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and securely held by rivets 2 inches apart. The tube is 
then lined with a wall of Rosendale cement f inch thick, the 
inner surface of which is polished while drying, so as to 
form a perfectly smooth tube. This tubing comes in three 
sizes, each having a length of 8 feet and internal diameters of 



2, 2^, and 3 inches, the latter being the standard size. Each 
end is provided with a cast-iron, beveled socket joint, by 
the use of which perfect alinement may be obtained by 
merely butting the ends together. These beveled socket 
joints also allow of slight bends being made in the line of 
conduit as it is being laid. 

16 . Tltrlfled-Clay or Terra-Cotta Conduit. — A form 
of conduit that is probably used in good construction work 
to a greater extent than any other is made of vitrified clay. 
This material has the advantage of being absolutely proof 
against all chemical action, and unless destroyed by mechani- 
cal means will last for ages. Besides this, its insulating 
properties are high and it is comparatively cheap and 
easily laid. 

When clay conduits were first used, it was customary to 
form various sections with two or more ducts, one of the 
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most common form being the 4-duct type, two sections of 
which are shown in cross-section in Fig. 13. These are 


made with 2, 3, 4, 6, and 9 
ducts, all in 8-foot lengths. 
In another form, each section 
had 2 ducts only, these ducts 
being large enough to accom- 
mod ate sc ve ral cables. I n th i s 
form, however, much trouble 
has been experienced, due to 
the fact that when .several 
cables are laid in a single duct, 
it often becomes impossil)ie to 
withdraw them, owing to the 
fact that they are much more 
likely to become wedged than 
in the forms where one cable 
only occupies a single duct. 
It is not good practice to put 
mc)re than one cable in the 
same duct. 




1 1 .. i i. 


17 . The form of clay conduits now most commonly used 
is shown in Fig. 14, this being usually made in 18-inch 

lengths, having an inter- 
nal diameter of from 3 
to 3} inches and being 
4 1 inches square outside. 
This duct has a great 
advantage over the mul- 
tiple-duct sections in the 
greater ease of handling 
and also in the fact that 
it is much less liable 
to l>ecome w^arped or 
crooked in the process of burning during its manufacture 
than the larger and more complicated forms. Like the 
cement-lined pipe, it is laid on a bed of concrete, cemented 



FIO. 14. 
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together with mortar, and enclosed on all sides and on top 
by concrete. In laying, a wooden mandrel, such as is 
shown in Fig. 15, 3 inches in diameter and about 30 inches 
in length, is used. At one end is provided an eye which 
may be engaged by a hook, in order to draw it through the 



Fig. 1.5. 


conduit, while at the other end is secured a rubber gasket b 
having a diameter slightly larger than that of the interior 
of the duct. One of these mandrels is placed in each duct 
when the work of laying is begun. As the work progresses. 



Pig. 16. 


the mandrel is drawn along through the duct by the work- 
men, by means of an iron hook at the end of a rod about 
3 feet long, the method of doing this being shown in Fig. 16. 
By this means, the formation of shoulders on the inner walls 
of the ducts at the joints is prevented, and any dirt that 
may have dropped into the duct is also removed. The 
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cylindrical part of the mandrel insures good alinement of 
the ducts, thus securinj^ a perfect tube from manhole to 
manhole. 

18 . Fi^. 1C illustrates the method of layinjj^ this con- 
duit, and shows how the joints should l>e broken in the 
various layers so as to insure a maximum lateral strength 
to the structure. 

All conduits should be laid to such j^rades that there will 
be no low points or traps in the conduit that will not drain 
into the manholes. 


MANirOLKH. 

19 . Manholes form a very imj)t)rtant part in cable sys- 
tems and require careful desi^ninj^ to pr()]>erly adapt them 
to the particular conditions to he met. They are usually 
plac'ed about 400 feet apart, and if possi[)Ie, at the inter- 
section of streets. They should be located with a view to 
makirif^ the line of conduit between them as nearly strai}^ht 
as possible. The size of the manhole will depend on the 
number of ducts that are to be led to it, as wt^li as the num- 
ber of men that will be reejuired to work in it at one time. 
Manholes C feet square and from 5 to C fe<*t hi^^h will usu- 
ally be required for larg-e systems, while for smaller systems, 
or the outlying portions of large ones, they may be made as 
small as 4 feet in length, in the direction of the conduit, 
B feet wide and 3 or 4 feet high. 

30 . Manholes may be constructed of either cement or 
hard-burned brick laid in Portland-cement mortar, the 
latter, probably, being preferable. The foundation should 
consist of a layer of cement, the concrete being at least 
C inches thick. The walls, if of brick, should be laid in 
cement mortar, and should, also, be thon)Ughly plastered, 
on the outside with the same mortar. They should never 
be less than 8 inches thick, and should be made double this 
thickness where large manholes are being constructed in 
busy streets. As the brickwork is laid up, the iron brackets 
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with ventilated coverjs and good sewer connections than to 
close them tip tight, as was formerly done. If they are 
tightly sealed, gases are liable to accumulate and cause 
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explosions. In Fig. 17, the manhole is provided with two 
sewer connections, so that in case the bottom one gets 
clogged lip, the water will be able to flow through the side 
connection instead of backing up into the ducts. Both 
connections are provided with traps to keep out the sewer 
gas and the bottom connection is equipped with a back- 
water valve to keep water from backing into the manhole. 
A removable cover is provided at the back-water valve, 
so that any dirt that accumulates may be cleaned out. 

The roof of the manhole is made by laying 3" X 3" 
I beams across the top and filling between them with brick, 
the whole being covered with a layer of cement. The man- 
hole cover may be either round or rectangular. Fig. 18 
shows a rectangular manhole head with ventilated cover. 
Fig. 19 shows a manhole with a ivater-tight inner cover b, 
which is firmly clamped down by the screw c and cross- 
piece (/. The joint is made water-tight by the gasket g 
pressing on the upturned flange a'. 


I3ISTRIBUTIOX FROM MANHORES. 

32. As stated before, where the conduit system of 
underground distribution is used, the current is delivered 
by means of lead-covered cables that are drawn into the 
ducts after the conduit proper has been completed. These 
cables are drawn from manhole to manhole by means of a 
rope attached to the end of the cable. Fig. 20 shows one 
arrangement for drawing in cables. 

23. Cables. — The construction of the cables themselves 
depends on the kind of service to which they are to be put. 
Two kinds of insulation are available — rubber and paper. 
With good rubber insulation, a small puncture in the lead 
sheath may not impair the insulation for some time, because 
the rubber is, to a large extent, proof against moisture. 
On the other hand, paper insulation will be damaged if the 
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lead sheath becomes punctured so as to admit moisture. 
Paper insulation is» however, cheaper than rubber^ and if 
the cables are carefully installed w ill j/ive ext ellent service. 
Fig. 21 shows a paper-insulated cable designed for 
volt, three-phase transmission. The three conductors are 
insulated with paper wrapping to a thickness of | inch. 




W' 


«■ 


These three strands are then twisted together and covered 
with a wrapping of paper inch thick, over which the 
i^-inch lead covering is forced. The pa{x.*r is treated with 
insulating compound and the s{>ace between the strands, 
shown black in the figure, is filled with jute treated with 
insulating compound. 
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24. Connecting Cables. — In underground, electric- 
power distribution, it is important to hav^e the various parts 
of the system so arranged that they can be disconnected, if 
necessary, because faults are liable to develop, and if the 
various sections can be readily disconnected, it makes the 



Fig. 21. 


location of the defective portion very much easier to find. 
Also, when the defective part is located, it can easily be 
cut out without interfering with the operation of the 
remainder of the system. For ordinary low-pressure work, 



fig. 22. 

the various joints are usually made by means of coupling 
boxes, or Juiietlon l>oxes. These are placed on the side 
walls of the manholes and are made water-tight. Fig. 
shows a coupling box. A, B, and C are the three main 
cables, or feeders, of a three-wire system that are to be 
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coupled to the three cables A \ B\ C\ The cables enter the 
cast-iron box through rubber gaskets that are clamped so as 
to make the box water-tight. Each cable is provided with 
a terminal on the end, and these terminals are connected 
together by pieces of copper bar securely damped against 
the terminals by the bolts shown in the hgure. The box is 
provided with a cover that is bolted against a rubber gasket. 
This box is merely intended for coupling the ends of the 
cables together and takes the place of permanent joints that 
could not readily be disconnected. 

35. Junction Boxe.s. — The main cal)les, or feeders, 
running from the station terminate in the manholes, and it 
is necessary to have some convenient means of connecting 



FIG. 23. 

them to the various branch lines. This is done by means of 
junction boxes. Fig. 23 shows a junction box that is known 
as a J^our^wdy boxt^ because it accommodates four positive and 
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four negative cables. The box is designed for use on low- 
pressure, three-wire work. A and B are the positive and 
negative bars, which are made of copper and are well insu- 
lated from each other. These bars connect across to the 
cable terminals through 'Copper fuses so that in case a 
short circuit occurs on a line, these fuses will blow and thus 
prevent damage. The short neutral bar shown in the 
bottom of the box attaches directly to the cables, because it 
is not usually considered necessary or even desirable to place 
a fuse in the neutral. The small wires /, p are pressure 
wires that run back to the station and there connect to volt- 
meters, so that the voltage at the center of distribution, repre- 
sented by the junction box, may be determined at any time. 
These pressure wires are protected by fuses placed in the small 
fuse receptacles b, b. Each pressure wire connects to one 
side of a cut-out b and the other sides connect to the +, — , 
and neutral bars. The cables pass into the box through 
.water-tight rubber gaskets and the box is closed by a water- 
tight cover. Junction boxes are made in a large variety of 
forms for different kinds of service. 

26. Soiwice Boxes. — When the conduit system of dis- 
tribution is used and where customers have to be supplied. 


X) 



Fig 24. 


small lianclholes are provided wherever distributing points 
may be necessary. These are much smaller and shallower 
than manholes apd only run down as far as the conduit. 
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In these handholes a service box is placed. Fig, shows 
one style of service box with its cover removed. , i?, and C 

are the main cables 
that run straight 
through the box with- 
out being cut. /), E 
are the three-wire, 
branch-service cables, 
or tubes, for supplying 
current to the build- 
ings. These are at- 
tached to the main 
cables by means of 
suitable clamps, and 
after the c over is 
bolted in position the 
box is filled with insulating compound. Fig. 25 shows 
another style of service box for use on the three-wire system. 
In this four-way box the main cables are fastened to ter- 
minals instead of passing straight through. Fig. 20 shows 
a handhole with its service box arranged for delivering 
current to overhead conductors. The main feeders, running 
from manhole to manhole, are placed in the lower tiers of 
conduits, and the service mains that run back from the 
manholes are run in the upper row, so that they will be 
accessible for the connection of service boxes. 

21, Caliles. — For low-pressure work, cables 

are usually joined in the manholes by means of coupling 
boxes or junction boxes. Sometimes, how'ever, joints must 
be made without the use of these boxes, in which cases 
the job must be very carefully done. 

First, the soldered end of the cable is cut off and the 
cable carefully examined for moisture. If a little moisture 
be present and there is still more than enough room for the 
joint, it is allowable to cut off another short length. If 
indications of moisture are still present, heat should be 
applied to the lead covering, starting from a distance ^r|4 
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proceeding along the cable to the end. Thus the moisture 
is driven out at the cut. When the use of torches is not 
allowed on account of gas in the manholes, hot insulating 
compound, such as boiling paraffin, may be poured over the 
cable. This process is known as boiling out. To ascertain 
whether moisture is present, the piece last cut off is stripped 
of its lead covering and plunged into hot insulating com^ 
pound. If bubbles rise, moisture is still present. 



Pig. 26 . 


When all trace of moisture has disappeared, the lead cov- 
ering is removed for a convenient length from each of the 
ends to be joined and the insulation is cut away for a 
shorter distance from the end, leaving a certain length 
beyond the lead. A lead tube of sufficient diameter to fit 
over the cable sheath and of a length great enough to 
cover the joint to be made is slipped over one end of the 
^n4 Wc}c opt of the way. Now, if the conductor be 
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small enough, the regulation telegraph joint is made and 
soldered. But if the conductor be stranded or of large 
cross-section, the ends are cut square, butted together, and 
soldered, and made much more secure by a copper sleeve, 
which is soldered over all. This sleeve is open at one 
side, so that solder may be run in until the strands are 
thoroughly saturated. The joint is now covered with 
insulating tape to the height of the lead covering, 

A layer of paraffined paper may be wrapped on over this 
or, as is sometimes done, a mica tube may be slipped over 
the joint. The lead tube is then slid along the cable so as 



Fig. 27 . 


to cover the joint. The ends of this are then secured to the 
cable sheath by a wiped solder joint, thus making the 
sheath again continuous. 

A section of such a joint is shown in Fig. 27, where ; is 
the insulation, I is the copper sleeve, k is the conductor, p is 
the paper wrapping or mica sleeve, and s is the lead sleeve 
with a wiped solder joint. The space t is wound with 
insulating tape. For many of the larger cables, the sleeve $ 
is made considerably larger in diameter than the cable 
sheath, so as to leave a space that is afterwards filled with 
compound. Details as to the methods of splicing and 
handling the various kinds of cables are furnished by the 
manufacturers. 

88. Hl|?li-Teiision Joint.— In most cases where cables 
are called upon to stand a high pressure, they are joined 
somewhat as described in the last article and very carefully 
insulated, so that the insulation of the joint may be as good 
as that of the rest of the cable. Mechanical couplings and 
Jimction boxes are not used very extensively for this class 
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of work on account of the difficulty of securing high enough 
insulation, and also on account of the difficulty of keeping 
moisture out of the cable. Figs. 28 and 29 show the Tailleur 
high-tension coupling that has been successfully used on 
pressures not exceeding 5,000 volts. 



Fig. 28. 

Fig. 28 shows the joint made and Fig. 29 shows it broken. 
To make the joint, the lead armor, or sheath, E is stripped 
a sufficient distance from the end to permit the slipping on 
of the hard-rubber jacket //, after the terminal 5, has been 
soldered to the copper conductor IV^ first tinning the end of 
the copper conductor W and also the terminal 5,. One 
part of the hard-rubber jacket // is slipped through one 



Fig. 29. 


part of the brass coupling then the hard-rubber jacket //, 
with the brass coupling B^ is passed over the terminal 5,, 
and the piece S^. is screwed on contact terminal 5,. Pure 
rubber, which generally comes in sheets, is cut into strips 
about 1 inch or 1 J inches wide, and the joint is taped as 
shown at C, allowing the tape to lap over the cable armor 
at)OUl: I inch. Th^ rubber tape is afterwards covered 
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other tape and then treated with compound. The sof^- 
rubber ring R is then placed as shown, and the joint 
clamped tightly together, after which the whole joint is 
covered with tape and insulating compound. 


EDISON TJNDEUOKOITNJ>.TFKE SYSTEM. 

29. The Edison iinder«:round-tulH? systcnn differs 
from the conduits previously de.scribed in that the con- 
ductors are placed in iron tubes that are buried in the 

ground. The conduct(jrs arc, 

therefore, not removable. This 
arrangement has been used ex- 
tensively by illuminating and 
power companies in the larger 
cities. The conductors them- 
selves are usually in the .shape 
of round copper rods; the main 
tubes are designed for use on the three-wire system and arc, 
therefore, provided with three rods, as shown in the section 


"/rcf/f fifpt 
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(b) 

Fig. 31. 

in Fig. 30. Each rod is wound with an open spiral of rope 
that serves to keep the rods separated in case the insulating 
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material in the tubes should become soft. After the rods 
have been provided with the rope spiral, they are bound 
together by means of a wrapping of rope and inserted in 
the iron pipe, the rods projecting for a short distance at 

( each end. The whole tube is then 
filled with an insulating compound 
that becomes hard when cold. The 
tubes are made in 20-foot lengths 
and are laid in the ground about 
30 inches below the surface of the 
pavement. They are joined to- 
gether by means of the coupling 
(b) boxes shown in Fig. 31 {a) and {b). 
Fig. 31 {a) shows the lower half of 
the bo^ only, with the main tubes entering each end. The 
conductors are connected together by means of short, flexi- 
ble, copper cables c, r, r, provided with lugs b, that fit 
over the rods and are soldered in place. A cover d similar 
to the lower half e is then placed in position and the two 




Fig. 38. 


securely bolted together by means of flange bolts, as shown 
in {b). After this has been done, melted insulating com- 
pound is poured through an opening in the upper casting 
and the joint is complete. Fig. 32 shows two styles of con- 
nectors used for connecting the ends of the rods ; {a) is a 
stranded copper cable with terminals and {b) is a laminated 
copper connector. Fig. 33 indicates a length of pipe with 
its couplings. 

30. Where branches are taken off the mains, T coupling 
boxes are used, as indicated in Fig. 34. This box, also, is 
filled with insulating compound that soon becomes hard and 
prevents the flexible connections from coming in contact 
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with one another. At the centers of distribution (usually a 
street intersection) junction bo.\e.s are provided. These 
correspond to the manholes of the conduit system. The 
main supply wires, or feeders, run from the station to these 
junction boxes, whence the mains are run to the various 
districts where light or power is supplied. Fig, ;1.5 shows 
one of these junction boxes. The tubes enter at the lower 
part of the cast-iron box, and the mains are connected to 
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the feeders through fuses that bridge over between the 
rings shown at the top. These fuses must be proportioned 
according to the size of the conductor in the tube to which 
they are connected. If the conductors are overloaded, 
they will heat and destroy the insulation. The allowable 
carrying capacities of underground tubes and cables have 
been made the subject of a large number of tests by the 
manufacturers, who furnish tables giving the limit to which 
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their cables or tubes may be loaded with safety. The 
junction box shown in Fig. 35 is made water-tight by clamp- 
ing down the cover by means of the studs b, b and the 
whole is then covered with a cast-iron plate resting in the 
groove c and coming flush with the street surface. 



Fig. 85. 


31 . The underground tubes and fittings are rather 
expensive, but they are comparatively cheap to install, as 
all that is necessary is to dig a shallow trench and lay the 
tubes in the ground. This system has the disadvantage 
that if any trouble occurs it is somewhat awkward to get at 
it, as the conductors cannot be pulled out as in a conduit 
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system. When trouble occurs, the usual method of pro- 
cedure is to dig a hole at one of the coiqdings and separate 
the ends. By making a few breaks in this way at different 
points, the section in which the ground or short circuit is 
present can soon be located and the defective length of tube 
removed. 

33. The Edison tube system is not now used as largely 
as it once was for the main distributing lines or feeders. 
The present practice is to carry the main conductors from 
the station to the various distributing points in diK'ts, so 
that they may be drawn out if necessary. The tube sys- 
tem is, however, well adapted for the distributing mains, 
and is largely used for this purpose, because it allows ser- 
vice connections to be made easily and cheai)ly. Table I 
gives the cross-section of the rods used in the standard 

TABLE I. 


CAKRYING CAPACITY OF UXDKU- 
GROUNB TITBKS. 


Size of Each 
Conductor in 
Circular Mils. 

Maximum Current 
in Each of Two 
Conductors 

41,000 

100 

80,000 

200 

100,000 

235 

120,000 

2G0 

150,000 

295 

200,000 

350 

250,000 

400 

300,000 

450 

350,000 

495 

400,000 

540 

450,000 

580 

500,000 

020 
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tubes that are now used for distributing mains. Each 
tube has three conductors of the same size and the table 
shows the allowable current when two of the conductors are 
loaded. If the system is balanced, the third wire will carry 
but a small current. 


f 

TESTS. 

33. In testing lines or apparatus, it is frequently neces- 
sary to make rough tests that will show whether or not 
circuits are continuous, broken, crossed, grounded, or prop- 
erly insulated. These tests do not require accurate meas- 
urements, they being merely for the purpose of determining 
the existence of a faulty condition. 

34. Ma^gneto Testinig Set. — The most common, and 
probably, all things considered, the most useful, form of 
testing instrument for rough testing is that consisting of a 
magneto generator and bell moxtnted compactly in a box 
provided with a strap for convenience in carrying. 


TESTINO LINES FOR FAULTS. 

35. Faults on a line may be of two kinds: the line may 
be entirely broken, or it may be unbroken but in contact 
with some other conductor or with the ground. The 
former fault is termed a break; the latter a cross or 
ground. A break may be of such a nature as to leave the 
ends of the conductor entirely insulated; or the wire may 
fall so as to form a cross or ground. A cross or ground 
may be of such low resistance as to form a short circuit or 
it may possess high resistance, thus forming what is called 
a leak. There are a number of different methods used for 
locating faults, and as those most suitable depend to a 
considerable extent on the kind of work for which the lines 
are used, most of the points relating to testing will be left 
until the different subjects with which they are connected 
are considered. 
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36. Continuity To8t«.— In testing wires for continuity, 
the terminals of the magneto set should be connected to the 
terminals of the wire and the generator operated. A ring- 
ing of the bell will usually indicate that the circuit is con- 
tinuous. This is a sure test on short lines, but should be 
used with caution on long lines and in cables, because it 
may be that the electrostatic ca{)acity of the line wires 
themselves will be sufficient to allow enough current to flow 
through the ringer to operate it, even though the line, or 
lines, is open at some distant point. 

37. Testing: for Crosses or Oroiinds, — In testing a line 
for crosses or grounds, one terminal of the magneto set 
should be connected to the line under test, both ends o 
which are insulated from the ground and from other con- 
ductors. The other terminal of the magneto set should be 
connected successively with the earth and with any other 
conductors between which and the wire under test a cross is 
suspected. A ringing of the bell will, under these condi- 
tions, indicate that a cross exists between the wire under 
test and the ground or the other wires, as the case may he, 
and the strength with which the bell rings, and also the 
pull of the generator in turning, will indicate, in some 
measure, the extent of this cross. 

38. Here, however, as in the case of continuity tests, 
the ringing of the bell is not a sure indication that a cross 
exists if the line under test is a very long one. The insula- 
tion may be perfect and yet permit a sufficient current to 
pass to and from the line through the bell to cause it to 
ring, these currents, of course, being duc to the static 
capacity of the line itself. In testing very long lines or 
comparatively short lines of cable, the magneto set must 
be used with caution and intelligence on account of the 
capacity effects referred to. For short circuits in local 
testing, however, the results may be relied upon as being 
accurate. 

Magneto testing sets are commonly wound in such man- 
ner that the generator will ring its own bell through a 
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resistance of about 25,000 ohms. They may, however, be 
arranged to ring only through 10,000 ohms, or where espe- 
cially desired, through from 50,000 to 75,000 ohms. The 
first figure mentioned — 25,000 ohms — is probably the one 
best adapted £pr all-round testing work. 


CURRENT DETECTOR GAEVANOMETER. 

39 . In order to test for grounds, crosses, or open circuits 
on long lines or on cables, without the liability to error that 
is likely to arise in testing with a magneto set, a cheap form 
of galvanometer for detecting currents, called a detector 
galvanometer, may be used. In testing for grounds or 
crosses, the galvanometer should be connected in series with 
several cells of battery and one terminal of the circuit 
applied to the wire under test, it being carefully insulated 
at both ends from the earth and from other wires, while the 
other terminal of the galvanometer and batteries should be 
connected successively to the ground and to adjoining wires. 
A sudden deflection of the galvanometer needle will take 
place whenever the circuit is first closed, this being due to 
the rush of current into the wire that is necessary to charge 
it. If the insulation is good, the needle of the galvanometer 
will soon return to zero; bxit if a leak exists from a line to 
the ground or the other wire with which it is being tested, 
the galvanometer needle will remain permanently deflected. 

In testing for continuity, the distant end of the line should 
be grounded or connected with another wire that is known 
to be good, and the galvanometer and battery applied, either 
between the wire under test and the ground or the wire 
under test and the good wire. In this case, a permanent 
deflection of the galvanometer needle will denote that the 
wire is continuous, while if the needle returns to zero it is 
an indication of a broken wire. 

40 . Test for Insulation Resistance. — One thing that 
it is important to know about lines is the state of their insu- 
lation. In order to determine this, measurements of the 
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insulation resistance between the line and j^round must be 
made, and if this resistance is found to be danj^erously low, 
the trouble should at once be looked u[) and remedied. One 
of the most convenient methods for measuring insulation 
resistance is by means of a hi^h-resistance voltmeter. 

The voltmeter is much easier to handle than a reOedin^^ 
galvanometer, and if the resistanct' of the v<dtmeter is 
known, insulation resistance measurements may be made 
with very little trouble. Suppose in Fig, ;j(; we wish to 
measure the insulation resistance of the line A The 
voltmeter is first conneded across the lines at I" in the usual 



manner and the voltage of the dynamo obtained. Call 
this reading l \ As soon as possible after taking the reading 
i\ the voltmeter is conneded between the line 7/ A and the 
ground, as shown at l\, and a reading obtained. In this 
ease all the current that goes through the voltmeter passes 
from /, through the insulation, to 7? and thence through the 
ground and the voltmeter to /. It is evident that if the 
insulation resistance of the line A A is very high, very little 
current will flow through the voltmeter, and a small deflec- 
tion will be the result. If the resistance r of the voltmeter 
is known, then the insulation resistance of the line will be 


7 ? = 




( 1 .) 


provided no ground exists on the dynamo I), 
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Example. — The insulation resistance of an electric-light main was 
tested by means of a Weston voltmeter having a resistance of 
18,000 ohms. When connected across the lines, the voltmeter gave a 
reading of 110 volts. When one line was connected to ground through 
the voltmeter, the reading was only 4 volts. What was the insulation 
resistance of the other line ? 

Solution. — We have by formula 1, 

^ (110 - 4) 18,000 

^ = 4 

_ 106 X 18,000 

■” 4 

= 477,000 ohms. Ans. 

Note. — The insulation resistance of lines is usually expressed in 
megohms, 1 megohm being equal to 1,000,000 ohms. The resistance of 
the line in this case would therefore be .477 megohm. 


TESTS FOR GROUN^BS OR CROSSES. 

41 . Varley Tjoop Test. — One of the commonest methods 
for locating a ground or cross is by means of the Varley 
loop test. In Fig. 37, C is a sensitive galvanometer con- 
nected across the arms of a Wheatstone bridge in the ordi- 
nary manner ; A B and A C are the ratio arms and C D the 


B 



rheostat or balance arm of the bridge. D E the faulty 
line and F the location of the fault. The two lines should 
be connected together at E and the ends of the loop B E Z>, 
go formed, conn^cf^d across the terminals of the bridge ag 
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the unknown resistaijce. Call j the resistance of the loop 
from B to F and x the resistance from I) to F With the 
battery connected between A and Z>, as in the ordinary 
method of using the Wheatstone bridj>e, balance the bridge. 
This will give, by working out the unknown resistance in 
the usual manner, a resistance A* equal to the sum of the 
resistances of the two wires forming the loop; that is, 

R=:V-^X. 

Or, the resistance of the whole loop may be calculated, 
because the length and size of the line wire are known. 


B 



Now disconnect the battery from D and connect it to the 
ground, as shown in Fig. 3S. Then balanc e the bridge again, 
and the resistance x may be obtained by means of the follow- 
ing formula : 


nR— mp 


( 2 .) 


in which and p are the values of the resistances in the 

arms A B, A C, and C D. After obtaining the resistance x 
from D to the fault F along the line D h by means of for- 
mula 2, the distance (in 'feet or miles) from the testing end D 
to the fault F may be obtained by dividing this resistance x 
by the resistance of ^ unit length (a foot or a mile, as 
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case may be) of the line wire D E. The result obtained by 
this test is independent of the resistance at the fault 
between the line and the ground. 

Example. — A ground occurred on a conductor of a cable 10,000 feet 
long composed of three No. 10 wires. One good wire was used to com- 
plete the loop. On testing with one end of the battery grounded as in 
Fig. 88, the bridge was balanced with the following resistances. 
m = 10 ohms, n = 1,000 ohms, p = 1,642 ohms. Where was the ground, 
the resistance per 1,000 feet of the conductor being .9972 ohm > 

Solution. — The length of the loop formed by joining the two wires 
of the cable at the distant end will be 20,000 feet ; 

hence, /e = 20 X .9972 = 19.944, 


and 


1,000 x 19.944- 10 x 1,642 
1,000 10 


3.4891. 


Hence the distance of the fault from the testing station must be 


X 1,000 = 3,498.9 ft. 


Ans. 


43* Locating? a Partial Ground Wltliout an Avail- 
able Good Wire’. — The following method for locating a 
partial ground or escape is rather unreliable in practice, 
because the resistance of the partial ground may change 
between the two measurements, and so give a more or less 



incorrect result. However, it is about the only way where 
there is no available good wire and when the tests must be 
made from one end only. The normal resistance of the 
line must be known from some previous measurement, 
\ipless it can be calculated from the length and size of the 




§15 


ELECTRIC TRANSMISSION. 


37 


wire. this resistance be «; then measure the resistance 
of the line B B', with the distant end B' grounded as shown 
in Fig. 39, and call this c. Also measure the resistance 



Fig. 40. 


with the distant end open, as in 40, and call this b ohms. 
Then the resistance x to the partial ground from the test- 
ing station is given by the following formula: 

;ir = r — \\b — c) {a — r). (3.) 

By dividing x by the re'ustance per unit length of the 
wire, known from some previous measurements or by a cal- 
culation from its size, length, and a table of resistances for 
the kind of wire under consideration, the distance to the 
grounded point may be obtained. 

43. To liOcate a Cross l)y the Varloy T^oop 
Metlxod. — First insulate the distant ends of the two crossed 



PIG. 4t. 


wires. Then connect as shown in Fig. 41 and measure the 
resistance from D to B through the cross F. Let the 
./. 111.— 10 
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resistance of the cross be z ohms and the resistance found 
by balancing the bridge be R ohms. 

Then, ^ (1) 

Now ground either wire, say D A, anywhere beyond the 



cross, and connect as shown in Fig. 42. When the bridge 
is again balanced, we have 


m _ y 2 

n p x' 




From equations (1) and (2), we get 

n R — m p 

X = ^ 

m + n 


This is the same as formula 3. By dividing x by the 
resistance of the wire D E per unit length, we have the 
distance from D to the fault along the wire D E. 


FKOTECnON OF LINES FROM LIGHTNING. 

44, Overhead lines are always liable to accumulate a 
certain charge of static electricity even if they are not 
actually struck by lightning. Long transmission lines 
should be well protected against lightning, as they frequently 
run through exposed and mountainous country. If these 
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high-pressure discharges travel along the line and get into 
the dynamos at the power station, they are almost sure to 
puncture the insulation of the machines and result in a 
burn-out. To guard against this, lightning arresters should 
be provided. 

It was formerly thought sufficient to place a lightning 
arrester on each line at the station, trusting to these to lead 
any discharge to the ground. However, this was found to 
be an unsafe practice. It is now generally admitted that the 
safest plan is to distribute a number of arresters at intervals 
along the line, so that any charge that may happen to 
accumulate will be led to ground before it reaches the 
station. There are a large number of different types of 
lightning arresters in use that accomplish their purpose 
more or less perfectly. They offer a great deal of protec- 
tion if properly installed; but, as is well known, lif^htning 
is very erratic in its behavior and often does damage in 
spite of the lightning arresters. This is no reason, however, 
why every line should not be equipped with them at inter- 
vals of about every half mile at least.* What is given here 
is intended to apply to lightning arresters in a general way, 
and the description of special types will be taken up later in 
connection with the special lines of work to which they are 
adapted. The arresters for any given line must be selected 
with reference to the kind of circuit on which they are to be 
used, and descriptions of some of the more important tyi>es 
will be given in connection with the subjects of Electric 
Lighting and Electric Raihvays, For the present we will 
confine our attention to general principles. 

45. Simple Mgrhtnlng: Arrester,— The term llfflil- 
ning: arrester does not correctly express the use of these 
devices, because they do not arrest the discharge coming 
in over the line; they merely divert the charge by pro- 
viding a path to the ground that the lightning will take 
in preference to passing into the dynamo and making a 
path for itself to the ground by puncturing the insulation 
of the machine. 



40 


ELECTRIC TRANSMISSION. 


§15 


In order to understand the action cf the lightning arrester, 
it must be remembered that a lightning discharge is oscilla- 
tory in character, i. e., it is rapidly changing in 
a manner somewhat similar to an alternating 
current, the frequency of which is exceedingly 
high. On account of its rapidly changing 
character, lightning will not pass through an 
inductive path if there is a non-inductive path 
provided for it. The armature of a dynamo 
always possesses a certain amount of self- 
induction, and a comparatively small amount 
of self-induction will offer a very high resist- 
ance to a lightning discharge. Every coil of 
wire has some self-induction, and a lightning 
discharge will jump across an air gap that 
has no self-induction before it will pass 
through a coil, even if the ohmic resistance of the coil is 
very low. Suppose we have a short air gap d Fig. 43, 
and a coil B arranged as shown. If terminal C is connected 
to the ground and a discharge comes in over the line it 




will jump the Mp d e rather than pass through the coil 
even though tfllll poil is made of heavy wire and contains 
but few turns. The simplest form of lightning arrester is 
that shown Ifi y|g. 44. A pair of plates i, 2 are connected 
one to each line end are separated by a small gap g from 
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two other plates S that are connected to the j^^round. 
The gap in the arrester should be more easily jumped across 
by the discharge than the thinnest insulation / on the 
dynamo, otherwise the discharge will jump through the 
insulation to the ground instead of jumping across the air 
gap. The air gap must, of course, be long enough that the 
pressure generated by the dynamo itself will not be able to 
jump across it. For pressures up to 500 volts a gap of 
inch should be sufficient, and a gap of this length offers 
considerably less resistance to the discharge than the insula- 
tion on the dynamo. 


46. Reactance, or Kickiniry trolls. - 

more certain that the discharge will pass 
through the arrester, kickln^if colls, or 
reactance coils, are often inserted be- 
tween the arrester and the dynamo. A 
kicking coil, or reactance coil, is a coil of 
wire consisting of a few turns inserted 
in the circuit between the arrester and 
the apparatus to be protected, as shown 
at A A, Fig. 44. These coils have a 
certain amount of self-induction, and the 
consequence is that when a discharge 
comes in over the line, they offer a high 
resistance to its passing into the dyna- 
mos. They choke back the discharge 
and force it to pass to the ground by 
jumping the air gap. Fig. 45 shows 
coil. 


-In order to make 



FU,. 46 . 


a typical kicking 


47* Suppression of Arcing:. — The simple arrangement 
of air gaps shown in Fig. 44 will hardly work on electric- 
light and power circuits for the following reason: If a dis- 
charge comes in over both the lines at once, as is quite 
likely to happen, because the lines usually run side by side, 
an arc will be formed across both the gaps, and current from 
the dynamo will follow the arc. The result will then be 
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practically a short circuit on the dynamo, and such a large 
current will flow that the plates or contact points of the 
arrester will be destroyed. It is necessary, then, to have in 
addition to the air gap some means for suppressing or blow- 
ing out the arc as soon as it is formed. It is also necessary 
that as soon as the discharge has passed, the arrester will 
be in condition for the next discharge. Generally speaking, 
the arc from a continuous-current machine is not as easily 
extinguished as that from an alternator; probably because 
every time the current passes through its zero value it 
loses some of its ability to hold the arc. A large number of 
different types of arresters have been brought out. In some 
cases, the arc is broktm by being drawn out until it can be 
no longer maintained; in others, the air gap is so placed 
that it will be surrounded by a magnetic field, so that when 
the arc is formed it is forced across the field in just the same 
way that a wire carrying a current moves across the mag- 
netic field in a motor. The result is that the arc is stretched 
out until it is broken. The magnet blows out the arc 
almost instantaneously. Another method for suppressing 
the arc following the discharge is to make it occur in a 
confined space so that it will be smothered out. Still 
another method is to make the cylinder or plates between 
which the arc jumps of a so-called non-arcing metal. The 
vapor of this metal offers a high resistance to the discharge, 
and, hence, the dynamo is unable to maintain the arc. 
Some arresters will work on either direct or alternating cur- 
rent ; but, generally speaking, the arrester has to be selected 
with reference to the voltage of the circuit on which it is to 
be used and also with reference to the kind of current, i. e., 
direct or alternating. 

48. Grow ml Comiections for lilglitiiiiigr Arresters. — 
As stated above, it is best to be on the safe side and dis- 
tribute lightning arresters along the line as well as placing 
them in the station. These arresters will, however, be 
of little or no use if good ground connections are not 
provided for them. The following methods of making 
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ground connections are recommended by the Westing- 
house Company. 


49. The method of making the ground connection for 
a line or pole lightning arrester is shown in Fig. 40. A gal- 


vanized-iron pipe is driven 
well into the ground and 
the top of it surrounded by 
coke, which retains mois- 
ture; the wire is run down 
the pole and connected to 
the top of the pipe as indi- 
cated. The wire is some- 
times encased in galva- 
nized-iron pipe for about 
0 feet from the base of the 
pole. If this is done, it is 
well to solder the ground 
wire to this pipe at When 
a number of arresters are 
installed on the lines enter- 
ing the station, special care 
should be taken in making 
the gi:t>tind connection, 
otherwise the whole light- 
ning-arrester installation 
may be practically useless. 



The following method of 
making the ground connec- 

tion is recommended: A hole C feet square is dug 5 or 0 feet 


deep in a location as near the arresters as possible, j)referabiy 
directly under them. The bottom of this hole is then cov- 
ered with charcoal or coke (crushed to about pea size) td a 
depth of about Si feet. On top of this is laid a tinned, 
copper sheet, about 5 ft. X 5 ft., with the ground wire 
(about No. 0 B. & S.) soldered completely across it. The 
plate is then covered with a 2-foot layer of coke or charcoal 
and the remainder of the hole filled with earth, running 
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water being used to settle it. This will give a good ground, 
if made in good, rich soil. It will not give a good ground 
in rock, sand, or gravel. Sometimes grounds are made by 
putting the ground plate in a running stream. This, how- 
ever, does not give as good a ground as is commonly sup- 
posed, because running water is not a particularly good 
conductor and the beds of streams very often consist of 
rock. When lightning arresters are installed, all wires lead- 
ing to and from them should be as straight as possible. 
Bends act more or less like a choke coil and tend to keep 
the discharge from passing off by way of the arrester. 

50. For long-distance, high-tension lines, another method 
for protection from lightning has been adopted in some cases. 
Barbed wire is run along the tops of the poles and is thor- 
oughly grounded at intervals. This wire collects the static 
charges and leads them to the ground. On these very high- 
pressure lines, it is necessary to use a number of air gaps 
in series, so that the pressure of the line will not of itself 
be able to set up a current to the ground. This usually 
means that either a special form of arrester with a large 
number of ‘gaps in scries, or a number of regular arresters 
connected in series, must be used. The use of the barbed 
wire does away with the need of line arresters. It is claimed 
that it has given very good results in some cases, while in 
others the lightning arresters have been preferred. 

51. lilgrhtning Arresters on ITndergrroimd Jilnes. — 
It would hardly seem necessary to equip lines that are 
wholly underground with lightning arresters. While it is 
true that such lines are not at all in danger from ordi- 
nary lightning discharges, nevertheless it has been found 
that when underground cables are used in connection 
with high-tension transmission . systems, static charges of 
electricity gradually accumulate ; and if these charges are 
not allowed to pass off to the ground, they may puncture 
the insulation of the cables. The lines are, therefore, very 
often protected by lightning arresters or static dischargers 
that are similar in construction to a lightning arrester, to 
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allow the escape of these static charges to earth. For 
example, the underground distributing system of the Met- 
ropolitan Street Railway Company, of New York, is fully 
equipped with lightning arresters, although no part of the 
system is above ground. 


STORAGE BATTERIES. 

52. The storage battery, or accumulator, is now so 
largely used in connection with electric-transmission plants 
of various kinds that a general description of its action 
will be given here. Its use in connection with special lines 
of work will be considered more fully when the subjects of 
Electric Lighting and Electric Railways are taken up. 

53. Accumulators, storaK<^ batter! or secondary 
batteries are those in which a chemical change is brought 
about by sending current through the cell from some outside 
source, the chemical compounds so formed being capable of 
delivering electrical energy when changing back to their 
former state when the cell is discharged. The storage bat- 
tery does not, therefore, store up electricity; it is simply a 
cell, in which the changes brought about by the charging 
current put the cell in a position to deliver electricity in 
much the same way as any ordinary primary battery. A 
large number of different types of storage cell have been 
devised, but the only kind that has come into extensive use 
is the lead accumulator. In this cell, lead in some form is 
used for both the positive and negative plates, and the ^>lu- 
tion, or electrolyte, is a mixture of sulphuric acid and 
water. 

54. Fig. 47 shows a typical storage cell made by the 
Electric Storage Battery Company and known as the 
cbloHde accumulator. These cells can be obtained in a 
variety of sizes from the small type, having only three 
plates (two negative and one positive), to the very large 
cells used in connection with central stations and substations. 
The cell shown is mounted in a glass jar. For very large 
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cells wooden tanks lined with lead are used, while for port- 
able batteries the jars are made of hard rubber. 

55# Positive and Negrative Plates. — In Fig. 47, 
a, a are the positive plates and b the negative plates. 
Before going further, it may be well to point out just what 
is meant by the positive and negative plates of a storage 
battery. So far as appearance goes, the two plates may 
look very much alike, especially when the cell is discharged, 
but the positive jilate is always the one at which the current 
flows out when the cell is discharging and in when it is 

charging. In charging a 
battery, one must always 
be sure to get the positive 
pole of the battery con- 
nected to the positive pole 
of the dynamo, so that the 
charging current will flow 
in at the positive pole. 
When the charging current 
is discontinued and the cell 
allowed to supply current 
to a circuit, the discharg- 
ing current will flow out 
from the positive pole of the 
cell. The positive plates 
are, or should be, marked, 
so that there will be no danger of incorrectly connecting 
the cells. When a pole indicator is not at hand, the polar- 
ity may always be found by connecting a wire to each pole 
and dipping the ends into a dilute solution of sulphuric 
acid. The wire from which the greater number of bub- 
bles is given is connected to the negative pole. When 
connecting cells in series, care should be taken to see that 
the positive pole of one cell is connected to the negative 
pole of the next. Any person that has worked around 
storage cells for any length of time can tell the positive 
plates from the negative by their dark-browti color. 
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56. The complete chemical reactions that take place in 
a storage battery are complicated and many of them are 
not as yet well understood. When the cell is charged, the 
principal action is the formation of lead peroxide on the 
positive plate and spongy lead at the negative. Lead per- 
oxide is a chemical compound consisting of 1 atom of lead 
and 2 atoms of oxygen ; its chemical formula is PhO,^. This 
lead peroxide gives the positive plates the dark-brown color 
that they have when the cells are fully charged. When the 
cell is discharged, the lead peroxide gradually changes to 
lead sulphate and the metallic lead r)n the negative })late is 
also changed to lead sulphate. Lead sulj)hate PbS(\ is 
formed by the action of the sulphuric* acid in the electrolyte 
of the cell on the spongy lead. These chemical changes are 
repeated over and over as the cell is charged and discharged. 

57. In Fig. 47, the plugs r, c seen in the negative [date 
are the portions of the plate that lake part in the ac'tion of 
the cell. The framework, or surround- 
ing grid, serves to hold the active 
material in place. When the cell is 
charged, these plugs are reduced to 
spongy lead. In the positive plate, the 
active material is placed in round holes, 
each of which contains a [dug made of 
corrugated lead ribbon curled into 
spiral form. This lead ribbon, after 
being fixed in place, is converted into 
lead peroxide, and thus forms the active 
material of the positive plate. 

58. In some batteries, the active 
material is formed by means of chemical 
action on the plate itself and is not held 
in holes or pasted on the supporting 
grid. This was the method adopted by 
Plants, the originator of the storage 
battery. The pasted plate was brought 
out later by Faure. The Willard plate, 



Fig. 48. 
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Fig. 48, is an example of one where the active material is 
formed on the plate itself. It consists of a lead plate pro- 
vided with deep, narrow grooves, as shown. These grooves 
incline upwards and make the plate present a very large 

surface to the action 
of the electrolyte. 
The lead peroxide 
is formed on these 
plates by means of 
chemical action, 
and, as the grooves 
incline upwards, 
there is little chance 
for any of the mate- 
rial to become de- 
tached and fall out. 
Fig. 49 shows a cell 
consisting of a num- 
ber of these plates 
mounted in a sealed 
hard-rubber jar so 
that the cell will be 
portable. Cells of 
this kind are de- 
signed for use on electric vehicles. The plates are sep- 
arated by a perforated rubber plate that precludes any 
possibility of their coming in contact with one another. 



Fig. 49. 


59. Katinig of Storaige Cells. — The capacity of a 
storage cell is generally given as so many ampere-hours. 
Thus, a cell that can deliver normally a current of 10 amperes 
for a period of 8 hours will have a capacity of 80 ampere- 
hours. If a cell is discharged at a rate higher than that for 
which it is designed, its output will be diminished. For 
example, in the above case, if the cell were made to deliver 
16 amperes instead of 10, it would not keep up its discharge 
for 5 hours so as to give its total capacity of 80 ampere- 
hours. It does not pay in any event to take a larger current 
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from a cell than that for which it is designed, as it only 
results in a low efficiency and is liable to buckle or dis- 
integrate the plates. The ampere-hour output of a cell is 
obtained by multiplying the average current in amperes by 
the time in hours during which the current is delivered. 

The capacity of a cell in watt-hours is obtained by multi- 
plying the average number of watts delivered by the number 
of hours. The efficiency of a oell is the ratio of the watt- 
hours delivered to the wati-hours supplied. This gives the 
true efficiency of the cell, although the ampere-hour effi- 
ciency, i. e., the ratio of the ampere-hours delivered to the 
ampere-hours supplied, is often taken as the efficiency of 
the cell. This would be correct if the voltage at charging 
were the same as when discharging, but such is not the case. 
The ampere-hour efficiency may be as high as 95 [)er cent., 
while the watt-hour efficiency is usually from 75 to 85 per 
cent, and represents the true efficiency of the battery. 
Small cells have a capacity of about 3 ampere-hours per 
pound of total weight, while large central-station cells may 
run as high as 6 to 7 ampere-hours per pound. An ordinary 
battery will weigh anywhere from 120 to 180 pounds per 
horsepower-hour capacity. 

60 . Voltage of Storage Cells.— The voltage required 
for charging a storage cell varies from 2 to 2.5 volts per 
cell. The voltage required gradually increases as the cell 
becomes charged. The voltage obtained at the discharge is 
from 2.2 to 1.8 volts, the pressure falling off as the cells 
become discharged. The difference between the voltage 
required to charge a storage battery and that obtained at 
the discharge is due largely to the internal resistance of the 
cells; thus it will now be readily seen why the watt-hour 
efficiency may be considerably less than the ampere-hour 
efficiency. 

If we wish to charge 50 cells in series, the dynamo must 
be capable of furnishing 50 X 2 = 100 volts at the beginning 
of the charging, and this voltage must be increased to 
50 X 2. 5 := 125 volts as the cells become fully charged. 
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This is usually done by cutting resistance out of the field 
of the dynamo as the charging process proceeds. If only 
20 cells, say, are to be charged, we will require from 40 to 
50 volts; and if they are to be charged from a lOO-volt 
dynamo, enough resistance must be inserted in series with 
them to take up the extra 60 to 50 volts. Hence, if the 
charging current were, say, 5 amperes, there should be at 
least V = 12 ohms resistance in series. If this were not 
used, the charging current would be excessive and the cells 
would be injured. Cells should not be discharged to such 
an extent that their pressure falls below 1.8 volts. 


CABT5 AND OPERATION OF STORAGE CEEES. 

61 . Installation. — Cells should be installed in a room 
where the ventilation is good and where they may be easily 

inspected. They are gen- 
erally mounted on a heavy 
framework that has been 
painted with acid-proof 
paint, and if the space is 
limited, are arranged in two 
or more tiers. Storage cells 
are heavy and the framework should be very substantial. 
It is necessary to watch the cells to see if any of the plates 
get into bad condition, also to test the condition of the 
electrolyte and renew it when necessary. It is important, 
therefore, that the cells shall be so arranged that the 
attendant can readily move around among them. The cells 
should be well insulated, otherwise the acid film that is sure 
to accumulate sooner or later may result in considerable 
leakage. It is a common practice to set each ceil in a shal- 
low tray about half full of sand and then support this tray 
on insulators. Fig. 50 shows an oil insulator that has been 
largely used for this purpose. It is made in halves and oil 
is placed in the lower half, as shown. The surface of the 
oil offers a high resistance to any leakage that may tend to 
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occur between the cell and the supporting framework. The 
cells are nearly always joined to each other by burning, a 
fusing, the lead terminals together. Soldering is not, as a 
rule, satisfactory or permanent. Mechanical clamping con- 
nections are not generally favored, for they do not give as 
low a resistance as the burnt connection, and if they are not 
made wholly of lead they soon become corroded. 

63. The Electi*olyte. — As already stated, the electro- 
lyte consists of a mixture of sulphuric acid and water. 
There is a difference of opinion as to what the strength of 
the mixture should be, and makers of batteries send instruc- 
tions with their cells as to the strength that they consider 
essential to secure the best results with their particular 
make of cell. The proper strength of the electrolyte is 
determined by means of a hydrometer. 

Fig. 51 shows a storage-battery hydrometer. It con.sists 
of a scaled tube, or stem, provided with a bulb that is 
partially filled with shot or mercury. Tf 
placed in water, such a hydrometer will 
sink ; but if acid is added, the solution be- 
comes heavier, or more dense, and the 
hydrometer will float until its stem pro- 
jects vertically out of the mixture. When 
the specified mark on the stem comes even 
with the surface, it shows that the pn;j)er 
density of mixture has been attained. 

The electrolyte in the cells should be 
tested from time to time to see that the 
density is correct. If it is found too high, 
some of the solution should be drawn off 
and more water added. The electrolyte 
will evaporate to some extent, and this 
loss should be made good by the addition 
of water. The density increases to some 
extent as the cell becomes charged. The 
usual density of the solution should l>e 
about 1.2, or 1,200 on some hydrometer Fio. w. 
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scales, though some manufacturers use a higher density 
than this. This means that the weight of the solution, per 
unit volume, is 1.2 times that of water. With ordinary 
commercial acid this density requires about 3 parts, by vol* 
ume, of water to 1 part of acid. 

When mixing the electrolyte, pure acid and water should 
be used; the water used for the electrolyte should be 
distilled. The acid evaporates very little, though some of 
it may be lost in the form of spray thrown off. The evapo- 
ration is nearly all water; hence, it is not often necessary to 
add acid to the cells. The electrolyte should be cold before 
it is placed in the cells, and they should be charged as soon 
as it is placed in them. They should not, at the most, be 
allowed to stand for more than 2 hours before being charged. 
It may be well to mention here that when sulphuric acid is 
to be mixed with water, the acid should be poured slowly into 
the tvater. If the water is poured into the acid, the sudden 
evolution of heat is apt to throw the mixture into the opera- 
tor’s face. The satisfactory operation of a battery depends 
to a great extent on the correct strength of the electrolyte, 
hence it should be carefully watched. The cells should be 
kept filled so that the electrolyte will always be slightly over 
the tops of the plates. 

63. Chargring;. — Fig. 52 shows about the simplest possi- 
ble arrangement of connections for charging a storage bat- 
tery, all appliances that are not absolutely necessary having 
been left out in order to avoid confusion. A is a, dynamo, 
usually either of the shunt-wound or compound-wound vari- 
ety; / is the rheostat in its shunt field, by means of which 
the voltage of the machine may be varied through a con- 
siderable range ; V is a voltmeter connected to the voltmeter 
switch 5, which is so arranged that the voltmeter may be 
connected to either the battery C or the dynamo A; £ is a 
double-pole knife switch, by means of which the battery 
may be thrown in connection with the dynamo; £ is an 
ammeter that shows the amount of the charging current. 
The ammeters used with storage batteries are often made 
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with their zero point in the middle of the scale. When the 
battery is charging, the needle is deflected to one side of 
the zero mark; when discharging, it is deflected to the 
other side, thus showing at a glance whether the cells are 
charging or discharging. It should be noted that the + side 
of the dynamo is connected to the + side of the battery 



FIO. 52. 

when the switch is thrown in, the direction of the charging 
current being indicated by the arrows. In this case, we 
have assumed that the number of cells to be charged is suf- 
ficiently great to take up the voltage of the dynamo; if this 
were not the case, a resistance would have to be inserted in 
series with the battery, as previously explained. 

64. Having made sure that the connections are all right, 
see that switch E is open and get the dynamo up to speed. 
*/. lih—tl 
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Then measure the voltage of the cells and adjust the field 
rheostat of the dynamo until the voltage of the latter is 
from 5 to 10 per cent, higher than that of the cells. Throw 
in the main switch and adjust the rheostat until the ammeter 
indicates the charging current called for by the makers of 
the cells. When the cells are charged for the first time, 
some makers recommend that they be charged at about one- 
third the usual rate for the 'first 3 hours. As the cells 
become charged, the voltage of the dynamo must be 
increased, by cutting out field resistance, in order to main- 
tain the charging current. Charging at a rate higher than 
that allowed by the makers is almost sure to injure the cells 
in time. Charging at a low rate is, in some cases, beneficial 
when the cells are not in good condition ; but if the cells are 
all right, slow charging is of no particular benefit and con- 
sumes time. By keeping track of the length of time the 
battery has been charging, the attendant can usually tell 
when the cells are fully charged. If the cells happen to 
be overcharged a little, it does them no harm, but it results 
in a waste of current. Other things besides the number of 
ampere-hours supplied point out the fact that the cells are 
fully charged; the positive plates become a dark-chocolate 
color, almost . black ; the voltage across each cell rises to 
about 2.5 volts. Another indication of a fully charged cell 
is “gassing.” When the cell is fully charged, oxygen and 
hydrogen are given off freely because they are no longer 
able to combine chemically with the plates, and after a cell 
has been gassing 10 or 15 minutes it may be assumed that it 
is fully charged. These gases fill the electrolyte with 
minute bubbles and make it milky in appearance. The 
bubbles rise to the surface and make the electrolyte appear 
as if it were boiling. 

65. Simple Switchboard for Storai^e Battery. — The 
outfit shown in Fig. 52 is sufficient where a battery is simply 
to be charged and where a fairly close watch can be kept on 
it while the charging process is going on. Generally, how- 
ever, the connections must be arranged so that the cells 
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may be either charged from the dynamo or allowed to dis- 
charge into the line. It is also necessary to have fuses or 
an automatic circuit-breaker of some kind to protect the 
battery against overloads. An underload s'ioitch is, also, 
connected between the cells and the dynamo, as indicated 
by the dotted outline K, Fig. 52. The duty of this switch 
is to prevent the cells from discharging into the dynamo 
and running it as a motor. It is, usually, an automatic 
switch controlled by an electromagnet connected in series 
between the dynamo and the battery. If for any reason 
the current drops to a very low value, the electromagnet 
releases its armature, thus opening the switch and discon- 
necting the cells from the machine. 

66. Automatic Overload-and-Uiulerloafl Switch.— 

Fig. 53 shows a special automatic switch designed to protect 
the dynamo from any backward 
rush of current and, also, to pro- 
tect the battery from overloads. 

Two coils a and h are connected 
in series between the battery and 
dynamo, as indicated at Fig. 52. 

If the current becomes excessive, 
coil b pulls up a core that releases 
a trip and causes the arm to fly 
out, thus breaking the circuit 
at <r/, d. When the battery is 
charging, coil a holds its armature, 
but if the current becomes very 
small, as it must do before it 
begins to reverse and flow back 
from the batteries, the armature 
is released, which action releases 
the catch and allows c to fly out. 

The instrument is, therefore, a 
protection against both underloads and overloads. 

For example, a battery might be charging and the speed 
of the dynamo might drop or the belt fly off. In either 
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case, the voltage of the dynamo would drop and the charg- 
ing current fall to zero. If the circuit were not opened, a 
current would flow from the battery through the dynamo 
and run it as a motor. Another instance in which damage 
might result if an underload switch were not used is in case 
the field circuit of the dynamo should happen to become 



broken. This would reduce the E. M. F. of the dynamo to 
zero and a large rush of current could take place through 
the armature, because the cells would be unable to excite 
the field so as to enable the machine to generate any counter 
E. M, F, as a motor. In the case of a compound-wound 
dynamo, a backward rush of current might result in a 
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reversal of the dynamo field. In the case of a simple shunt 
dynamo, the current flows around the shunt in the same 
direction no matter whether the dynamo is charging the 
battery or whether the battery is forcing current back 
through the dynamo. 

67. Fig. 54 shows a simple switchboard suitable for a 
small plant where a battery is used in conjunction with a 
dynamo for lighting or other purposes; and s are two 
double-pole knife switches provided with fuses. The 
switch it controls the lighting circuit and switch s is 
connected to the dynamo through the underload circuit- 
breaker r. The ammeter /I is connected in series with the 
battery ^ and indicates the charging or disi'harging current. 
F is a voltmeter connected to a switch /^, by means of which 
Vmay be connected across either the dynamo or the battery ; 
r is the handle of the field rheostat that is connected in 
series with the shunt field of the dynamo. The rheostat 
is located behind the board. When the battery is being 
charged, the switch Xr is open and the switch s closed. When 
the battery alone is furnishing current to the line, s is open 
and k closed. If it is desired to have both battery and 
dynamo furnish current to the line, both switches are closed. 

68. I>lschargrln#f* — When a battery has been fully 
charged, it will retain its charge for a considerable length of 
time without serious leakage. The amount of leakage will 
depend on how well the cells are insulated. Except where 
the cells are used for portable purfx>ses, they are usually 
discharged within a few hours after they are charged ; in 
fact, in most railway or power .stations the charging and 
discharging go on intermittently* charging occurring on the 
line when the load is light and discharging when it is heavy. 
The maximum discharge current is usually about the same 
as the charging current, though sometimes it is allowed to 
run slightly higher without damage. The maximum dis- 
charge current that may be taken from a cell depends 
largely on its construction and is usually specified by the 
makers. Heavy discharge currents are liable to heat the 
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cells and break up the plates by causing pieces of the active 
material to fall off. It is very bad practice to allow an 
accumulator to become completely discharged, as it is 
almost sure to give rise to a trouble called Biilphatingr, and 
this, in turn, is liable to cause buckling of plates. It is 
always well to leave about one-quarter of the charge in the 
cells and never to discharge them to such an extent that the 
voltage per cell drops below 1.9 or 1.8 volts. 

69. — This is one of the things that gives 

considerable trouble in connection with storage cells and 
which, if allowed to go too far, may render them almost 
useless. It has been stated that lead sulphate PbSO^ is 
formed when the cells are charged or discharged. The 
formation of this sulphate is necessary in connection with 
the operation of the cell and it does no harm whatever. 
There is, however, another lead sulphate and it is 

this one that is generally credited with causing the trouble 
known as sulphating. This sulphate forms a white coating 
on the plates and generally accumulates more or less irregu- 
larly in patches. The white insoluble sulphate scale is very 
hard to get rid of and it prevents any action upon ,the por- 
tion of the plate that it covers. Because of this fact, it is 
responsible for a large portion of the buckled or bent plates 
that are sometimes found in cells. The patches of sulphate 
allow the plate to be acted upon in spots only and, as the 
active material expands and contracts when the chemical 
changes take place, the uneven expansion and contraction 
are liable to buckle the plate or cause the active material to 
fall off. As already stated, overdischarging is very liable 
to cause sulphating. It may also be caused by using too 
strong an electrolyte; i. e., an electrolyte having too large a 
percentage of acid in it. Also, if the cells are left standing 
for a long time without being charged, their charge may 
leak off and sulphating set in. If the sulphating has not 
gone far, the plates may be taken out and the white scale 
removed by scraping carefully. After this has been done, 
the cells should be charged at a low rate for a long time. 
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The positive plate generally gives the most trouble in stor- 
age batteries, hence this plate should be carefully watched 
for any signs of sulphating, buckling, or falling off of active 
material. If cells are to be left for a considerable length of 
time without being used, they should first be fully charged, 
the electrolyte drawn off, and the cells filled with clear 
water. They should then be allowed to discharge at their 
normal rate, which they will do for a short time only. 
After the water has stood in the cells for about lU) hours, it 
may be drawn off and the cells will remain in good condition 
until they are again put into commission. 

70. General liemarkH. — A storage battery, to give 
good service, must, like everything else, he kept in good 
condition. This means constant inspection of the plates 
and the condition of the electrolyte. The cells must be 
watched to see that none of them become short-circuited by 
particles becoming lodged between the plates or by material 
accumulating in the bottom of the cells. Cells should not 
be charged or discharged at an excessive rate for any length 
of time, though many of the batteries now manufactured 
will deliver heavy currents for short intervals without per- 
ceptible damage. Plates of the Plante type, i. e., with 
formed material, will, it is claimed, stand heavy charges 
and discharges better than those of the Faure, or pasted, 
type, which is a feature of considerable value in connection 
with automobile or other portable batteries. If plates become 
slightly buckled, they may be straightened by being pressed 
between boards— they should not be pounded. Battery 
rooms should be exceptionally well ventilated because of the 
fine acid spray that is formed when the cells are in operation. 
The bubbles of gas bursting at the surface of the acid throw 
off a very fine spray of acid that is extremely irritating. 
Different methods have been tried to keep this spray from 
being thrown off, such as pouring a layer of oil on top of 
the electrolyte or pouring melted paraffine on the surface. 
In the latter case, the paraffine hardens and seals the cell. 
A small hole about i inch in diameter, or two or three of 
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such holes for a large cell, must be left to allow the gas to 
work its way out and also to permit the insertion of the 
hydrometer. The best method, however, of doing away 
with the trouble is to provide thorough ventilation. 


REGULATION OF STORAGE BATTERIES. 

71. Storage batteries in connection with large central 
stations are used in a number of different ways that will be 
taken up more in detail in connection with Electric Light- 
ing and Electric Railways. In electric-lighting work, they 
are usually charged during the day and used to help out the 
dynamos at night, when the heavy load comes on. They are 
also used in some cases to carry the whole load during 
intervals when the demand is light. In railway work, they 
are generally left connected all the time the road is in opera- 
tion ; they are so arranged that they will become charged 
during the intervals when the load is light and will dis- 
charge when the load becomes heavy. 

Since the voltage drops as the battery discharges, it is 
necessary, when they are used in connection with lighting 
work, to have some means of maintaining the pressure sup- 
plied to the line at a constant value. This is generally 
accomplished by having a few extra cells that may be 
switched into service by automatic switches as the voltage 
of the battery drops. In railway work, the regulation pf 
the battery must be effected rapidly in order to make the 
battery charge or discharge with the rapid fluctuations in 
load peculiar to railway service. This is usually accom- 
plished by means of a so-called booster. 

The booster is a comparatively small dynamo of special 
design that is driven at a constant speed by a steam engine, 
or, what is more usual, by a direct-connected electric motor. 
The general action of a differential booster will be under- 
stood by referring to Fig. 55. The armature A of the 
booster is connected in series with the battery, so that 
whatever voltage may be generated in it will be combined 
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with that of the battery. In other words, varying the 
E. M. F. in A has practically the same effect as varying 
the E. M. F. of the battery by adding or cutting out cells. 
For example, the batteries will be charging whenever the 
voltage between the points a, b falls below that of the 
generator and they will discharge whenever it rises above 
that of G. 

The field of the booster is provided with two windings, 
one of which consists of a few turns of heavy conductor and 
is connected in series with the line; the other winding is of 
fine wire and is connected in shunt across the battery as 
shown. A rheostat is provided in this shunt circuit so that 



the field current may be adjusted. The effect of the series 
coil may be adjusted by means of a low-resistance shunt f 
connected across its terminals. The full-line arrows rep- 
resent the course of the current when the cells are helping 
out the generator and the dotted arrows show the flow of 
current when the cells are charging. The shunt field of the 
booster supplies a practically constant magnetizing force 
because the current through the shunt remains almost the 
same, no matter whether the cells are charging or discharg- 
ing, and the direction of the current in the shunt also 
remains the same. The series coils are so connected that 
the current passing out to the line circulates around them 
in a direction opposite to that in the shunt coils. The 
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windings are so adjusted that when the normal load is being 
delivered, the two coils balance each other and the booster 
armature generates no E. M. F. Suppose the current 
required on the line falls below the average or normal out- 
put. The shunt coil will then predominate, and the booster 
will generate an E. M. F. which is directed so that it is 
opposed to that of the cells (see direction of dotted arrows 
through booster), or in the same direction as that of the 
generator; hence it helps the generator to send current 
through the cells, as shown by the dotted arrows. When the 
line current becomes greater than normal, the series coil 
predominates, the booster E. M. F. is reversed and helps the 
battery to discharge and help out the dynamos. All that 
the booster does is simply to bring about a raising or lower- 
ing of the pressure between the points a, b so that the 
battery will charge or discharge at the proper time. 

; 72. The preceding is intended merely to illustrate the 
general principle of booster regulation as used in connection 
with batteries, A number of patents have been taken out 
for different schemes of connections for this purpose, and 
the above is not, by any means, the only one that might be 
used. 


73. EdJRon Storafire Battery. — All that has been said 
in the foregoing relates to the ordinary lead-sulphuric acid 
storage cell, because this is the only type which has hitherto 
been used to any extent in practice. A new cell has recently 
been brought out by Edison which it is expected will be 
lighter and more durable than the older type. Whether this 
will prove to be the case remains to be seen, as the cell has 
not yet been used commercially on a large scale. The posi- 
tive pole, or the plate at which current flows out when the 
cell is discharging, is a superoxide of nickel The negative 
pole, or plate at which the current flows in when the cell is 
discharging, is iron. The electrolyte is a solution of caustic 
potash in water — about 20 per cent, of caustic potash is 
usedt The plates are made of sheet steel and have open- 
ings in which fit small perforated flat steel boxes which 
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contain the active material. This cell ^ivcs an E. M. F. of 
1.5 volts after being recently charged and an average volt- 
age during discharge of 1,1 volts. It gives an output of 
14 watt-hours per pound, which is equivalent to a weight of 
53.3 pounds per horsepower-hour. It will be noticed that it 
is about two and one-half times as light as the lead cell for 
the same output, so that if it proves satisfactory in other 
respects, it will have a great advantage over the older type 
of accumulator. 


COMBINED RUNNING OF DYNAMOS. 

74. In preceding articles relating to the operation of 
dynamos in connection with power-transmission work, we 
have assumed, in nearly all cases, that each dynamo was 
operated by itself and that it fed into its own line or feeder. 
Where a station is eciuipped with a number of dynamos and 
circuits, it is often very desirable to have the machines 
arranged so that they may be operated together; generally 
in parallel, though in some cases in series. We will, there- 
fore, take up some points relating to the combined operation 
of machines, both direct and alternating. 


DYKAMOS fX HEHIEB. 


DIBECT-trURUEXT .M ACIIl XK8. 

75. Dynamos are not very often run in series. Perhaps 
the most common case is where they are run in pairs of two 
in series on the three-wire system. Of course, whenever 
dynamos are connected in series, their pressures are added 
in the same way that the voltage of two or more cells of 
battery is added when they are connected in series. The 
current output is not increased. The use of dynamos in 
series on the three-wire system has already been explained, 
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so that there will be no need to dwell on it further at this 
point. Sometimes when shunt-wound dynamos are operated 
in series, the shunt coils are connected in series also, so as 
to form a single shunt across both machines. In other cases, 
the shunt fields are connected so that the shunt of one 
machine is excited from the armature of the other. The 
object of using these different methods of connecting the 
shunt coils is to make the voltage divide equally between 
the machines, so that each will do its proper share of the 
work. Series-wound dynamos are sometimes operated in 
series, especially in connectfon with arc lighting. In this 
case, the connections are very simple, about the only pre- 
caution being to see that the positive pole of one machine 
is connected with the negative pole of the other, so that 
the pressures of the two machines will be added together 
instead of opposing each other. Generally speaking, series- 
wound, shunt-wound, or compound- wound machines may 
be run in series with very little difficulty; in the case of 
the last-named type, the compound coils must, of course, 
be connected in series in the line. In most cases, hovrever, 
the demand is for a large current output rather than for a 
high voltage, hence plain series running is not very com- 
mon, except, perhaps, on arc-light circuits, where a high 
voltage may be required for operating a large number of 
lamps in series. 


ALTEKNATOBS. 

76. Alternators cannot be run in series unless their 
armatures are rigidly connected by being mounted on the 
same shaft, so that the E, M. F.’s generated by the two 
machines will always preserve exactly the same relation 
with regard to each other. If the machines are driven 
separately, the E. M. F.’s may aid each other at one instant 
and oppose each other the next, thus making their opera- 
tion unstable. For this reason alternators are very seldom 
operated in series. 
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BYNAMOS IN PARALLEL. 


DIRECT-CtTRRENT MACHINES. 

77. Dynamos, both direct and alternating, are much 
more frequently operated in parallel than in series. Nearly 
all modern electric-light, electric-railway, or electric-power- 
transmission plants are arranged so that the machines may 
be operated either singly or in parallel. When two dynamos 
A and B are connected to a line, as shown in Fig. 56, they 



are in parallel. Each machine generates the same voltage, 
and the pressure between the lines is the same as if a single 
machine were used; i. e., the pressure between the lines is 
not increased by adding machines in multiple, but the cur- 
rent delivered to the line is increased be<'ause the line cur- 
rent is the sum of the currents delivered by each of the 
machines. 

Each machine is connected through its main switch M* 
to the heavy conductors /?, like terminals of each 
machine being connected to the same bar. As shown in the 
figure, the two positive terminals are connected to C and 
the two negative to D. Care must be taken to see that like 
terminals are always connected to the same bar. Each 



66 


electric transmission. 


§15 


machine, when so connected, delivers current to the main 
bars c ' D and thence to the line. In fact, the whole 
arrang’cnient is very similar to the steam piping" between a 
battery of boilers and the engines. The dynamos corre- 
spond to the boilers and the bars (T, D to the main steam 
pipe, or header, into which the various boilers feed ; the 
lines running from D correspond to the steam pipes run- 
ning to the engines. The bars C, D are called bus-bars ; 
these bars carry all the current supplied by the machines, 
and it is delivered from them to the various lines. The 
bus-bars are generally heavy copper bars mounted on the 
back of the switchboard, and will be described more in 
detail in connection with the subjects of Electric Lighting 
and Electric Railways. 

It is not as easy a matter to operate machines in par^ 
allel as in series. It i.s evident that the voltage of each 
of the machines must be kept at the proper amount if the 
combination is to operate satisfactorily; for, suppose the 
E. M. F. of B should fall below that of A, then A would 
send current through B and run it as a motor, and B would 
thus be taking current from A instead of helping it feed 
into the line. There arc a number of things that must be 
taken into account when machines are run in parallel that 
do not have to be considered when they are run separately. 
Compound-wound machines are run in parallel more than 
any other type in this country, though shunt machines are 
frequently run in this way also. Series machines are seldom 
run in parallel for reasons to be given later. We will, how- 
ever, first consider the series machine briefly, because the 
compound-wound machine is a combination of the series- and 
shunt-wound machines and a glance at the operation of the 
series dynamo will help to make clear the performance of the 
compound dynamo. 


SERIBS- WOUND DYNAMOS IN PARAUI^Ii. 

78* Suppose we have two series- wound dynamos m par- 
allel, as shown in Fig. 67, and assume that they are deliver- 
ing current to a load of some kind and that each machine 
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supplies, say, one-half of the current. Now, if the E. M, 
of one of the machines A drops slightly, due to a slight 
variation in speed or any other cause, the amount of current 
delivered by A will decrease, and thus decrease the held 
excitation, because the current through the field coil is the 
same as the current delivered by A, This lowering of the 
field excitation of A will still further cut down its E. M. F. 
and matters will go from bad to worse until, in a very short 
time, A will be driven as a motor, unless the belt on the 



heavily loaded machine should slip and thus bring down its 
voltage. The trouble is made still worse by the fact that 
the extra load thrown on B will raise its E. M. F., because 
the field of B will be strengthened. Moreover, when A is 
run as a motor, its direction of rotation will be reversed ; 
and this may result in considerable damage. It is thus seen 
that two series-wound machines connected in parallel, as 
shown in Fig. 57, will be very unstable in their action, and 
it is not practicable to so operate them. 

79. Equalizing: Connection. — The unstable condition 
just referred to can be remedied in a large measure by using 
an equalizing connection, or equalizer, as it is commonly 
called. This is shown in Fig. 58, where the wire r d is the 
equalizer. The equalizer is a wire of k)W resistanc e con- 
necting the points d where the series coils are attached to 
the brushes; ^’,/are the regular terminals of the machine, 
and the student should note carefully what points are con- 
nected by the equalizer. Now suppose that the machine B 
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delivers a greater current than A ; part of this current will 
flow to the -f line through the coil d /, but part of it will, 
also, take the path d-c-^ through the field coil c e of 
machine The result is that part of the current delivered 
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by 7? helps to keep up the field excitation of A, thus bring- 
ing up its voltage and equalizing the load between the 
machines. If A delivers the greater part of the load, due 
to a drop in the voltage of then part of the current flows 
through the path c-d-f and strengthens the field of B, 

80. Even if the equalizer is used, there is another diffi- 
culty in the way of operating series machines in multiple that 
might not appear at first glance. Suppose that one series 
dynamo is carrying a load and that the load is increasing so 
as to make it necessary to put another machine in parallel 
with it to help it out. Now, in order to throw a dynamo in 
multiple with another dynamo that is already running under 
load, the dynamo that is to be thrown in must admit of 
having its voltage brought up to an amount equal to, or 
slightly greater, than that of the machine already in opera- 
tion. If this were not done, the second machine would 
simply short-circuit the first as soon as a connection was 
riiade. Also, a series machine when run as a dynamo can- 
not generate any voltage unless it is allowed to deliver 
current, because the field coils are in series with the main 
circuit; so that in order to get the second machine up to 
voltage, we must either separately excite it in some way 
or provide a temporary load of some kind and then so 
arrange it that the machine can be thrown over on to the 
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main load. Either of these schemes will introduce com- 
plications. It is thus seen that the series dynamo is not at 
all well adapted for parallel running. The above points will, 
however, be of assistance in understanding the action of the 
compound-wound dynamo. 


SHUNT DVNAMOS IN PARAI.UEL. 

81 . Shunt dynamos will operate very well in parallel 
and have been largely used in this way. They have two 
properties that make their parallel operation a comparatively 
easy matter. In the first place, they are capable of exci- 
ting their own field no matter whether they arc delivering 
current to the main circuit or not. In the second place, 
their voltage drops slightly with an increase in the load, and 
this tends to make their parallel operation stable, as will be 
shown later. Supf>ose that we have two shunt machines 
arranged as shown 
in Fig. 59; A and B 
are the armatures 
of the two shunt 
machines, 5, S' are 
the shunt field 
windings, and r, r’ 
the adjustable field 
rheostats. />, IJ are 
switches in the field 
circuit and M' 
main switches con- 
necting the ma- 
chines to the line. 

We will s u p po s e 
that machine A is 

FIO. 80 . 

in operation, as in- 
dicated by the closed position of switches L and M", If 
now we wish to throw machine B into multiple, it is run 
up to speed and the switch U closed; B will at once begin 
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to pick lip its field and run up to voltage. If the two 
machines are generating the same voltage and if their 
polarity is the same, as it should be, a voltmeter con« 
nected to blocks I, 2 will give no deflection, because the 
tendency of the machine A to send current through the 
voltmeter will be opposed by B, This state of affairs can 
be brought about by adjusting the rheostat r' until the 
voltmeter indicates that the voltages of the machines are 
equal. After this has been done, the switch J/' may be 
closed and the field excitation of B again adjusted until the 
proper share of the load is carried. It is thus seen that 
there is no particular difficulty in throwing one shunt 
machine in parallel with another, because it can easily 
be brought up to the desired voltage, since the field circuit 
is independent of the main circuit. In practice, it is gener- 
ally found better to have the voltage of B about 1 or 2 per 
cent, higher than that of yl when the machine is thrown in. 

Sometimes, when shunt machines are arranged for parallel 
operation, the field is connected across the mains instead of 
across the armature of each machine. When this is the 
case, the field connection is made as indicated by the dotted 
lines r j, r' j'\ instead of being connected as shown by the 
full lines r x, / y. The effect of this is that the switch M 
must be closed before A will pick up, assuming that B is 
not in operation. If yl is running and B is to be thrown in, 
then the switch // is closed and y>’s field is at once excited 
from the mains, so that B comes up to voltage almost 
immediately; after the voltage has been adjusted, switch Jf' 
may be thrown in as before. The reversal of the shunt- 
field connections on a dynamo that is to run in parallel with 
another dynamo is apt to give rise to trouble. If the field 
is connected, as shown by the full lines Fig. 59, so that the 
machine must supply its own field current before the main 
switch can be closed, no trouble is liable to arise; because, 
with the wrong field connection, the dynamo cannot gener- 
ate and the dynamo tender or switchboard attendant will 
notice that the machine does not pick up and will naturally 
look for the trouble. If, however, the field is connected in 
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beyond the main switch or across the station mains, as 
shown by the dotted lines, the machine becomes separately 
excited from the other dynamos that happen to be in ser- 
vice. It therefore generates an E. M. F. that is in just the 
opposite direction that it should be, and when the machines 
are thrown together, a rush of current takes place through 
the machine with the reversed field because its K. M. F. is 
in the wrong direction to keep out the current from the 
other machines. The result is, therefore, equivalent to a 
bad short circuit. Reversal of the shunt-field connection is 
not a common occurrence, but it has been known to happen 
where it has been necessary to disconnect the connections 
for purposes of repair or in order to move the dynamo. 


83. We will suppose that the two shunt machines, 
Fig. 59, are running properly in multiple and will now see 
whether their operation will be stable or not. It has already 
been said that one property of the shunt dynamo is its tend- 
ency to drop its voltage as the current output increases. 
This fact is due principally to the drop in the armature 
and the armature reaction, as explained elsewhere. Now 


suppose that the voltage of A should drop slightly on 
account of a drop in speed or from any other cause. The 
tendency will be to throw the bulk of the load on />, with 
the result that />^’s voltage will also drop on account of the 
above-mentioned property of the shunt-wound dynamo. 
The dropping of A^’s voltage will relieve it of part of its load 
and will make it divide with A. It is thus seen that there is 
an automatic tendency for the load to equalize. Again, .sup- 
pose that each machine is carrying a certain load and that the 
load on the line is suddenly increased, and that machine B 
takes more than its share of the current; the large current 


delivered by B will cause its E. M. F. to drop to more 
nearly that of A, and the load will thus be equalized. If the 
voltage of one machine should for any reason become so 
low that the other machine runs it as a motor, no harm is 
liable to result, because the direction of relation of the 
machine as a motor will be the same as it is when being 
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driven by the engine as a dynamo. As far as parallel run- 
ning goes, the shunt-wound dynamo is satisfactory, but it 
has been replaced by the compound-wound machine, because 
the latter will maintain the line voltage with an increase of 
load; whereas, with shunt-wound machines, the line voltage 
will fall off, unless the switchboard attendant cuts out some 
field resistance. 


COMPOUND- WOITXD MACHINES IN PARADEEr,. 

83. Since the compound-wound machine is a combina- 
tion of the series and shunt machines, one would naturally 
infer that the arrangement for parallel running would be a 
combination of the two preceding ones. Fig. GO shows the 



connections in their simplest possible form; we have two 
machines A and B of equal size and the equalizer £ run- 
ping directly between them; c and /are the + terminals of 
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the machine, while r^/and fe represent the leads, or cables, 
running to the switchboard; and kl are the negative 
leads running to the negative bus>bar h 1. There would be, 
in practice, a main switch in each of these negative leads, 
but as they are not essential for the present purpose they 
have been omitted, so as to make the figure as simple as 
possible. As shown by the full lines in Fig. (>(), the shunt 
windings of the machines are connected in what is known 
as short shunt; i. e., the shunt field is connected acToss 
the brushes. Sometimes the shunt field is connected in 
lon^ shunt across the terminals of the machine, as indi- 
cated by the dotted lines r c and r’ f. It makes very little 
difference as to the performance of the machine which con- 
necticm is used. 

Most compound-wound machines are provided with low- 
resistance shunts .S', S' across their series coils in order that 
the degree of compounding may be adjusted. When 
machines are operated in parallel, these shunts should be 
adjusted so that the machines, when running separately, 
will give the same degree of compounding, which mt?ans, 
in the present case, that when each machine is delivering 
the same current, the voltage generated will be the same, 
because we are now assuming that A and B are of ecjual 
size. Another ccmdition that must be fulfilled is that the 
resistance between the points a and d must be the same as 
between b and e. Since we are, for the present, assuming 
that the machines are of the same size and rnake^ the resist- 
ance of their series coils ac and ^ywill be almost exactly 
the same. The resistance of the switchboard leads c d and 
f c must be the same, i. e., of the same length and cross- 
section; the resistance of the ecpializer A should be as low 
as possible, and it should never be more than the leads cd 
ovfe. 


84 . We will now examine the action of the machines 
under a varying load. In the first place, if the resistance 
between a d is equal to that between b/' and the machines are 
delivering equal currents, then the drop through a d will 
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equal the drop through be and points a and b will be at 
the same potential. Since current can only flow between 
points at different potentials, there will be no current in E 
under such circumstances. Suppose, however, that A 
delivers a greater current than B\ then the drop in ad 
will exceed that in b e and current will flow through the 
path a-E-b-f-M'-e and thus build up the voltage of 
machine B and equalize the load. If B delivers more cur- 
rent than y?, the drop in be exceeds that in and current 
flows through the path b-E-a-c-M-d^ builds up the voltage 
of yJ, and makes A take its share of the load. 

85. In Fig. 60, the equalizer E is shown as connecting 
the positive brushes. This is usually the case in practice, 
though it would work just as well if both a and b were nega- 
tive brushes and r,/the negative terminals of the machines. 


Fi'e/cf ffheos^a/ 

/ ro I int 



The only thing that must be looked out for is to see that the 
equalizer connects the brushes to which the series coils are 
attached, and also to see that these brushes are of the same 
polarity. In some cases, the equalizer wire is run directly 
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between the machines, as shown, but often a third wire is 
run from points a and b to the switchboard and there con- 
nected to an equalizer bar, as shown in Fig. 61. This repre- 
sents a very common arrangement, triple-pole switches 
being used; the two outside blades for the -f J^nd — leads 
and the middle blade for the equalizer. There is a differ- 
ence of opinion as to whether it is better to run the equal- 
izer to the switchboard or run it directly between the 
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machines, as in Fig. 60. The most recent practice tends 
towards running it directly and placing the equalizer switch 
near the machine. This undoubtedly tends to make the 
connections shorter and thus leads to better regulation. 
In such cases, the equalizer switch is usually mounted on a 
pedestal near the machine, as shown in Fig. 02. 

86. So far, in all that has been said, the machines were 
supposed to be alike in size and general design. Under such 
circumstances, there is generally no great difficulty in get- 
ting compound-wound machines to operate properly in par- 
allel. Trouble is often experienced, however, when it comes 
to operating machines of different construction and size. 




ELECTRIC TRANSMISSION. 


§15 


Some field magnets will respond to changes in field excita- 
tion much more quickly than others, and other differences 
in design may have considerable effect on the performance 
of the machines when they are run in parallel. When run- 
ning two machines of different size in parallel, the problem 
is to get the load to divide between them in proportion 
to their size. For example, suppose we have a large 
machine A connected in parallel with a smaller machine B, 
as shown in Fig. 03. Each machine is suppo.sed to be 



adjusted so that it gives the same degree of compounding 
when operated by itself. Also, when each machine is 
delivering its proper share of the load, the drop between a b 
must equal the drop between c d. For example, if C is the 
full-load current oi A, R the resistance between a and b, C' 
the full-load current of and R the resistance between 
c and d, then C x R must equal C'x R. Now, the resist- 
ance of the series coils cannot very well be altered in order 
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to bring about the required condition of affairs, so that the 
only thing to do is to insert resistance of some kind in the 
leads € b or f d until the above drops become equal. This 
resistance will, of course, be very small and may be made tip 
of a short piece of heavy German-silver strij) or even an 
extra amount of cable in one of the leads. In the figure, 
this small additional resistance is indicated at x\ though it 
may be necessary to insert it in the main lead of mat'hine //. 
The resistance must be inserted in series with the machine 
giving the least drop between the points mentioned above. 
Many times the attempt is made to bring about the adjust- 
ment by changing the shunts s s\ but such attempts are 
useless, because just as soon as the machines are put in par- 
allel, s and s' are also in parallel and are jiractic'ally equiva- 
lent to one large shunt across the fields of both machines. 
The consequence is that any change in the shunts affects both 
machines. The adjustment must, therefore, be made in the 
main lead between the series coil and the bus-bar, and any 
resistance so inserted must have the same carrying capacity 
as the series coils. A change in the shunt across tlie series 
coils will change the compounding of the machines as a 
whole, but it will not better their condition as regards the 
correct division of the k)ad. 

87. The above are some of the main features connected 
with the running of compound -wound machines in multiple. 
In street-railway work, the load fluctuates through wide 
ranges and with great rapidity, and the projier running in 
multiple there represents more difficulties than in any other 
line of work. For the present, all that we wish to call atten- 
tion to are the important points connected with parallel 
running under normal conditions. 

88. Compound Machlnen in Multiple With Hhunt 
Machines.— It is not practicable to run a compound-wound 
machine in multiple with a shunt machine. If, for any 
reason, the compound-wound machine takes a little more 
than its share of the load, the strengthening of its series 
coils makes it still further overload itself, with the result 
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that the field rheostat of the shunt machine calls for 
constant attention. The only way to run this combination 
satisfactorily is either to cut out the series coils of the com- 
pound-wound machine, thereby making both plain shunt 
machines, or else to provide the shunt machine with com- 
pound coils. 


AI^TERNATORS. 

89. Alternators may be operated in parallel, although 
they are, as a rule, more troublesome than direct-current 
machines. This is especially the case if they are very differ- 
ent in size and design. For example, alternators with the 
old-style, smooth-core armatures are hard to run in parallel 
with modern machines having toothed armatures. In fact, 
in many of the older lighting stations special precautions 
were taken at the switchboard to see that two alternators 
should never be thrown in parallel. In modern plants, 
however, parallel running is quite common, and if proper 
care is taken, the machines may be thrown together without 
danger. 

90. Alternators are operated in parallel in much the 
same way as direct-current machines, so far as connections 
are concerned; i, e., they are usually connected to bus-bars 
through the intervening main switches. If the alternators 
are compound-wound, an equalizing connection should be 
used ; but very many of these machines are operated with a 
separately excited field only and no equalizing connection is 
necessary, the whole scheme of connection corresponding 
more nearly to the running of shunt-wound machines in 
parallel. 

Suppose that we have two single-phase alternators A and 
li connected in parallel. In order that the machines may 
operate properly and each take its proper share of the load, it 
is, of course, necessary to have their voltages equal. There 
is another important condition that must also be fulfilled; the 
machines must be in syneliroiilsiii. By this is meant that 
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the E. M. F. of A must come to its maximum value at just 
the same instant as the E. M. F. of or in other words, 
the electromotive forces of the two machines must vary in 
unison or be in phase with each other. This means that 
both machines must run at exactly the same frequency, for 
if this were not the case, they would get out of step. Before 
two alternators are thrown in parallel, equality of frequency 
is the most important condition to be fulfilled. A slight dif- 
ference in phase will cause an exchange of current between 
the machines, but they will pull each other into phase if the 
frequencies are equal. 

91 . Synchronlzlni?. — The state of synchronism is usu- 
ally ascertained by means of synch ronlzlniur laini>s placed on 
the switchboard and connected as shown in Fig. 04. 7\ T 



are two small transformers having their primary coils con- 
nected to the alternators, as shown. It should be noted 
that similar terminals 1, 1' are connected to similar sides of 
the machines. The secondaries are connected in series 
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through a pair of lamps /, / and a plug switch m. If the 
machines are exactly in phase, terminals 3 and 3' will have 
the same polarity at the same instant and the polarity of 
4 . and will also be alike. But since like terminals are 
connected together, the two secondary voltages will just 
neutralize each other, as indicated by the arrows, and the 
lamps will not glow. If the machines were directly oppo- 
site in phase, the lamps would light up to full candlepower. 
It is evident that by reversing the connections of one of the 
transformers the state of synchronism will be indicated by 
the lamps being bright, but we will assume that they are con- 
nected as shown in the figure. When machine B is started 
and the plug is inserted at ;//, the lamps rapidly fluctuate in 
brightness; but as B comes more nearly in synchronism the 
fluctuations become much slower. When they have become 
as slow as one in 2 or 3 seconds, the main switch M' is thrown 
in at the middle of one of the beats when the lamps are dark. 
In many cases, the connections are so made that the lamps 
are bright when synchronism is attained, because there is 
a considerable interval during which the lamps are dark. 
Whether the state of synchronism will be indicated by light 
or dark lamps depends simply on whether the transformer 
secondaries are connected so as to assist or to oppose each 
other. 

955. Synchronizing: Two-Phase and Three-Phase 
Machines. — Fig. 34 shows the synchronizing arrangement 
for a single-phase machine. For a two-phase or three-phase 
machine the same arrangement may be used, only care must 
be taken to make sure that the transformers T, T' are con- 
nected to corresponding phases on each of the machines. 
This may be determined by using two pairs of transformers; 
i, e., one regular pair, as in Fig. 04, and a temporary pair 
on one of the other phases. For example, on a two-phase 
machine an arrangement similar to that shown in Fig. 64 
should be made for each of the phases, and when the con- 
nections are right, each set of phase lamps will light or 
become dark, as the case may be, at the same time, showing 
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that both phases are ready for parallel operation. After it 
is known that the connections are all right, the temporary 
pair of transformers may be removed and only one pair used, 
as in Fig. 64. 

93 . SynchronlzinfiT Instruments. — A number of dif- 
ferent styles of instruments have been designed to indicate 
when two alternators are in synchronism, and these are now 
used to a considerable extent in place of lamps. In some 
cases the lamps are replaced by a voltmeter. Another device 
consists of a pointer actuated by two small synchronous 
motors that are operated by the two machines to be syn- 
chronized. When the machines are in synchronism, these 
two small motors run at exactly the same speed. When 
they differ, the small motors run at different speeds, and the 
pointer on the dial indicates that the machines are out of 
synchronism. 

94 . If alternators are thrown in parallel before they 
are brought into phase, a heavy cross current will flow 
between them and damage may result. When they are run- 
ning together, each alternator will hold the other in step 
and they will both run at such a speed as to give the same 
frequency; if they happen to have the same number of 
poles, the speeds will be exactly the same. Each alternator 
will deliver current in proportion to the power supplied it 
by the engine. The amount of current delivered by each 
alternator will also depend on its field excitation. If the 
field excitation of the machines is not maintained at the 
proper amount, there will be an idle current flowing between 
the alternators and the sum of the currents furnished by the 
machines will be considerably greater than the current 
delivered to the line. The field excitation should be such 
that the sum of the currents delivered by the individual 
machines will be as nearly as possible equal to the current 
delivered to the line. When running alternators in mul- 
tiple, it is best to let one engine do most of the governing 
and have the second governor arranged so that it will act 
glowly and will let the first governor take care of the finer 
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adjustments in speed. When machines are belt-driven, 
great care must be taken to see that the pulleys are exactly 
the correct dimensions to give the speeds required for 
operating in synchronism; because if this is not the case, 
there will be considerable belt slippage and there will also 
be considerable cross current between the two machines. 
The running in multiple of alternators coupled direct to 
engines often presents difficulties on account of the rotary 
motion of the engines not being absolutely uniform. This 
is especially the case if the engines are provided with light 
flywheels or poor governors. It does not take much angular 
variation between the two engines to throw the machines 
out of synchronism and thus cause cross currents to seesaw 
between the alternators. In cases where it is proposed to 
operate direct-connected alternators in multiple or direct- 
connected machines in parallel with belted machines, full 
details should be furnished to the manufacturers, so that the 
engines and dynamos may be fitted to this class of work. 

95. All cables running from the dynamos to the switch- 
board should have a cross-section of at least 1,000 circular mils 
per ampere. If two machines are run in parallel, the equal- 
izing cable should have a cross-section of 1,500 circular mils 
per ampere of the full-load current of the machines to which 
it connects. Generally speaking, the lower the resistance 
of the equalizer cables the better will the machines operate. 
All main leads running from the machines to the switch- 
board should be of a first-class quality of rubber-covered 
cable, and where high-tension alternating-current machines 
are used, special precautions should be taken to secure high 
insulation of the wires and avoid crossings as much as pos- 
sible. 



ELECTRIC LIGHTING. 

(PART 1.) 


DfTRODUCTORr. 

!• The subject of electric lighting involves a considera- 
tion of the different methods used for carrying out artificial 
illumination by means of electrical energy. This means that 
not only must the actual means of converting the electrical 
energy into light be considered, but that the methods used 
for its generation and distribution must also be given due 
attention. 

2. There are, in general, two methods in common use 
for producing light by means of electricity: (a) By means 
of incandescent lamps; and (/;) by means of arc lamps. 

Both of these methods are extensively used, the arc light 
being especially adapted for street lighting, although it is 
largely used for interior lighting as well. The principal 
field for incandescent lighting is interior illumination, but 
incandescent lamps are also used for street lighting, 
especially in places where the streets are thic kly shaded by 
trees, or in cases where a fairly uniform distribution of light 
is desired. 

3. In the incandescent electric lami>, light is produced 
by bringing a continuous conductor of high resistance to a 
very high temperature by passing a current through it. If 
a current is sent through a conductor, there will be a certain 
loss of energy in the conductor due U) the resistance that 
the current encounters in flowing through it, and this loss 
reappears in the form of heat. In the incandescent lamp, 
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the construction of which will be described later, this heat* 
ing effect is so intense that it raises the conductor to incan- 
descence and so produces the desired illumination. 

4. The illumination produced by the arc lamp is brought 
about in an entirely different way. In this lamp the current 
is made to pass between two carbon points that are held 
automatically a short distance apart. The points of these 
carbon rods become heated to an exceedingly high tempera- 
ture and a very brilliant light is produced. The arc lamp 
was first publicly exhibited by Sir Humphry Davy in Lon- 
don in the year 1810, when he used a battery of 2,000 cells 
for its operation. Arc lamps did not come into commercial 
use until a much later period, because current could not be 
supplied cheaply enough by means of batteries, and the 
introduction of the light was not accomplished until the 
dynamo-electric machine had been developed sufficiently to 
insure the generation of electrical energy at reasonable cost. 
The arc lamp will be described in detail when this system of 
lighting is considered by itself. For the pre.sent, we will 
confine our attention to the methods of artificial illumina- 
tion as carried out by the incandescent lamp. 

5. Arc and incandescent lamps may be operated by 
means of either the alternating current or the direct cur- 
rent. Arc lamps have, in the past, been operated j)rinci- 
pally by direct current, but alternating current is now being 
largely used for this purpose. Incandescent lamps will 
operate quite as well with alternating as with direct current, 
provided the frequency is not too low. The heating effect 
in a conductor is independent of the direction in which 
the current flows; hence, an alternating current, which 
periodically reverses its direction of flow, will operate an 
incandescent lamp just as well as a direct current, which 
always flows in the same direction. The reversals of the 
current are so rapid that the conductor in the lamp does not 
have time to cool off {>erceptibly, and, hence, there is no 
flickering noticeable to the eye. If, however, a frequency 
below 30 cycles per second is used, the lamps are apt to 
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flicker, and if alternating current is to be used for incan- 
descent lighting work, the frequency should not be below 
this value. 

6. In taking up the subject of electric lighting, we will 
then have the four following divisions to consider: 

1. Incandescent lighting by direct current. 

2. Incandescent lighting by alternating current. 

3. Arc lighting by direct current. 

4. Arc lighting by alternating current. 

These main divisions of the subject cover broadly the 
numerous systems in common use ; they may be still further 
subdivided, but the various modifications will be taken up 
when each of the above divisions is considered by itself. 


IKCAISDESCENT LIGHTING. 


THE TNCANJ)ES(^KNT J.AMP. 

7. The incandescent lainj) is naturally the first thing 
to be considered in connection with the subject of incan- 
descent lighting, as it is by means of 
this lamp that the electric energy is 
made to furnish the required illumina- 
tion. Fig. 1 shows a typical incan- 
descent lamp with which everyone is 
familiar. 

In order that the lighting service 
supplied from an incandescent plant 
shall be satisfactory, it is highly impor- 
tant to see that the lamps are effi- 
cient. If poor lamps are used, or if 
the lamps are burned beyond their use- 
ful life, poor service will result no mat- 
ter how efficient the system may be in 
other respects. It is useless to install 
the best generating machinery avail- 
able and then expect to give a good Fio. i. 
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service with old or cheap lamps that soon run down in 
candlepower. Central-station managers are coming to real- 
ize this point more than was once the case and are devoting 
more attention to the quality of the lamps that they buy ; 
in fact, most progressive companies now provide means for 
testing their lamps. 


COKSTIltrCTION OF I.AMFS. 

8« Early Experiments. — It was not long after the 
invention of the arc lamp until inventors turned their atten- 
tion to the production of electric light by heating continuous 
conductors to a high temperature by means of the current, 
instead of using the arc, because the early forms of arc 
lamps were not well suited to interior illumination. The 
first experiments were made wnth platinum or iridium wire. 
These wires were mounted in the open air and current sent 
through them, the current bringing the wire to a white 
heat and thus causing light to be given off. All these lamps 
proved failures because the wire very soon burned out. 
The temperature to which it had to be raised was very near 
the melting point of the metal, and if great care were not 
exercised the wire would fuse. In later experiments, the 
wire was enclosed in a glass globe from which the air was 
exhausted. This was a great step in advance, because it 
prevented the ^conductor from becoming oxidized and thus 
destroyed by the action of the air; it also prevented the wire 
cooling off so fast, and thus allowed the high temperature to 
be maintained by a much smaller current than would be 
required were the wire heated in the open air. Even when 
the platinum or iridium wire was enclosed in a globe from 
which the air had been exhausted, it was found that, although 
the lamps were very much improved, they were not suitable 
for commercial use. It became evident that some sub- 
stance that would be cheaper and capable of standing a 
higher temperature would be necessary. Carlxm was finally 
selected as the substance most suitable and is now univer- 
sally used. 
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9 . There has been considerable discussion as to who in- 
vented the incandescent lamp, and the probabilities are that 
its invention was not due to any one person. Edison tried 
a great many experiments to determine the best substance 
for the conductor, or lllaiiient, as it is usually called. The 
material that he finally selected was bamboo fiber, which 
was cut to the proper size and then carbonized. Maxim 
made lamps with filaments of carbonized paper. These 
lamps embodied all the essential parts contained in the 
modern lamp shown in Fig. 1, but lamps as now made are 
very much improved in efficiency and are decidedly cheaper. 
The work of Edison undoubtedly first placed the incandes- 
cent lamp on a commercial basis. 

10 . Filament^ii. — As mentioned before, bamboo was used 
at one time for the construction of lamp filaments. Fig. 2 
shows the general shape of one of these early bamboo fila- 
ments. The ends a were enlarged so that the heating at 
the joint between the leading-in wires and the filament 
would be much less than that of the filament proper. Lamp 



Fig. 2 Fio. S. 

filaments as now made are usually in the forms shown in 
Fig. 3 {a), {b), and (c). (a) is the plain loop filament, (b) the 

spiral, and {c) the oval. In Fig. 3 (c), the filament is fast- 
ened at JT to a small platinum wire fused into the glass, 
and is sfX)ken of as an anchored fllaiiu^nt. This is done to 
prevent violent vibrations of the filament, which would tend 
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to shorten the life of the lamp, and lamps of this type 
should be used in any place where they are subjected to 
vibration, as, for example, on street cars. Filaments have 
been made of carbonized silk or cotton, but the more com- 
mon method of manufacture at present is by what is known 
as the squirting process. This process consists *in squirting 
the material, usually cellulose or a mixture of carbonaceous 
materials, through dies. These threads are then cut to the 
proper length, wound on forms to hold them to the required 
shape, and carbonized. This process has been found to make 
more uniform and very much cheaper filaments than the 
older methods. 

With the old process of making filaments, it was neces- 
sary to treat them to what is known as the flashing process. 
This was necessary because the old-style filaments were not 
uniform in cross-section, and when used in the lamps would 
glow more brightly in some spots than others and soon burn 
out. To overcome this, the filaments were placed in a hydro- 
carbon vapor and current sent through them until they were 
brought to a red heat. The parts that were small in cross- 
section would become hotter than the rest of the filament, 
and carbon in the form of graphite would be deposited on 
these parts, thus bringing up their cross-section and making 
the filament uniform. This process is not necessary with 
modern filaments in order to make them uniform, but it is 
continued, nevertheless, because it has been found that the 
layer of graphitic carbon so deposited makes the lamp have a 
considerably higher efficiency than it would otherwise have. 
The layer of graphitic carbon is a much poorer radiator of 
heat than the body of the filament, and thus allows the tem- 
perature necessary for the emission of light to be main- 
tained with a less expenditure of energy than would the 
untreated filament. It is this layer of graphitic carbon that 
gives the filaments their familiar steel-like appearance. 

ll* The size of the filament depends altogether on the 
candlepower of the lamp and the voltage and current with 
which it is to be supplied. The lamp shown in Fig. 1 is one 
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of 16 candlepower, such as would ordinarily be used on a 
110-volt circuit. Such a lamp would require about | am- 
pere; hence, from Ohm’s law, its 
resistance w’hen hot must be in the 
neighborhood of 220 ohms. In order 
to get such a high resistance, the fila- 
ment must be long and fine. Lamps 
designed for low voltage and large 
current would be provided with short, 
thick filaments. Fig. 4 shows a low- 
voltage lamp designed to take about 
31 amperes. In this case the filament 
is short and correspondingly thick. 

Lamps with thick filaments, like the 
one shown in P'ig. 4, are not so efficient 
as those with long, fine filaments. 

Fig. 3 shows the way in which the filaments are usually 
mounted. The filament is fastened to the platinum wires 
which are sealed into the glass and thus render the globe 
air-tight. The junction between the filament and the Icading- 
in wire is effected by means of carbon paste; this paste also 
enlarges the cross-section of the joint, so that the heating is 
small compared with that which takes place in the filament 
itself, and the leading-in wires are, therefore, kept cooL 

13, The Leading-In WlroH.— These are made of plati- 
num, because this metal has almost exactly the same coeffi- 
cient. of expansion as glass, and also because it does not 
oxidize. If the glass and platinum did not exi)and at the 
same rate when heated, cracks would form at the point 
where the wires are sealed into the glass. This would let 
in the air and the filament would soon burn out. A film of 
oxide on the leading-in wires would also tend to let air 
leak into the globe, and platinum does not oxidize. Only 
enough platinum is used to pass through the glass, as shown 
at Fig. 3. Connection is made to the base by means of 
small copper wires b fused to the platinum at r, c. In 
early lamps, the whole length of the leading-in wires was o 
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platinum, but this practice has been discontinued, owing to 
the high price of the metal. Substitutes for platinum for 
the leading-in wires have been brought out from time to 
time, but none of them have displaced it as yet. 

13. The Bulb. — The style of bulb used to enclose the 
filament is familiar to almost everybody. Different shapes 
are in use, but by far the most common is the pear-shaped 
bulb shown in Fig. 1. The bulbs should not be made too 
small, because, as the lamp burns, the filament gradually 
undergoes disintegration and small particles of carbon are 
thrown off and deposited on the globe. This causes the 
well-known blackening of the lamp, and if the bulb is very 
small this blackening is aggravated, because the surface is 
smaller and the deposit, for that reason, more dense. 

14. Exhaustion. — Fig. 5 shows a lamp after the stem 
carrying the filament and the leading-in wires have been 

sealed into the bottom. The lamp is 
now ready to be exhausted. In order 
to accomplish this, a small glass tube 
with a narrow neck at a is sealed into 
the top of the bulb. This tube is con- 
nected to an air pump, and while the 
air is being exhausted a current is sent 
through the filament. This current is 
gradually increased as the exhaustion 
progresses, and, by heating the fila- 
ment, drives out any air that may have 
been absorbed by the carbon. The 
operator can tell by the performance of 
the lamp when the proper degree of 
exhaustion has been reached, and seals 
up the bulb by melting the glass tube 
at the neck a. 

Numerous methods have been devised 
for the exhaustion of lamps. Ordinary 
mechanical air pumps, i. e. , pumps that 
exhaust the air by the operation of a 



Fig. 5. 
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plunger in conjunction with valves, are not capable of pro- 
ducing a sufficiently high degree of exhaustion. They are, 
however, used to exhaust the greater part of the air, and 
the final exhaustion is then accomplished either by means 


of a mercurial air pump or 
by the chemical method. 

The principle of opera- 
tion of the Sprengel mer- 
curial air pump is shown 
by Fig 6 ; r is a glass 
tube with a T joint at x, 
from which a branch tube 
leads to the lamp. The 
lower end of the tube dips 
below the surface of the 
mercury in the vessel B. 
Mercury is allowed to run 
from A by opening the 
pinch-cock r, and in doing 
so draws the air out of 
the bulb by carrying down 
a stream of air bubbles 
until the air is completely 
exhausted. When the air 
has become exhausted, the 
mercury falls from the top 
to the bottom of the tube 
with a sharp click. This 
style of pump is capable 
of producing a high de- 
gree of exhaustion, but, 
unfortunately, it is rather 
slow in its action. The 



pump has been modified * ' * 

in various ways to adapt it to commercial work, but its 

action is briefly as outlined above. 

Another method of exhaustion, known as the chemical 
method, has recently come into use, and has rendered the 
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process of exhaustion much more rapid. In this process, 
the air is first exhausted to quite a high degree by mechan- 
ical pumps. A gas is then introduced, which combines with 
the remaining gases and renders them incapable of acting 
on the filament. The process is in the main kept secret; 
it produces a vacuum that gives as good results as that 
produced by a mercurial pump, and the process is much more 
rapid. The chemical that is often used is phosphorus, a 
small quantity of which is placed in the stem of the bulb 
and heated when the mechanical pumps have produced the 
proper degree of exhaustion. 

15 , Bases. — After the lamp has been exhausted, it is 
complete with the exception of the base N, Fig. 1, with which 
it must be provided in order that it may be readily attached 
to the socket. These bases are usually made of brass and 
porcelain, the lamp being held in them by a setting of 
plaster of Paris or cement. 

In Fig. 5, the lower part of the lamp is made of such 
shape that the base will be held securely when the plaster of 
Paris is put in place. The rib b prevents the base from pull- 
ing off. The base must, of course, provide two terminals for 



Pig. 7. 


the leads from the filament, these terminals being arranged 
so that when the lamp is placed in the socket, contact will 
be made with two corresponding terminals. There are 
three different bases commonly used in America ; these are 
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the Edison ; the Thamson-Housfan, or E //., as it is more 
commonly called; and the Wcstinghousc, or Saivycr^Man. 
These bases are shown in Fig. 7. 

10 . Fig. 7 (a) shows the Edison base^ of which there 
are more in use than all the others put together. One end 
of the filament is attached to 
the outer shell which is 
provided with a coarse screw 
thread. The other terminal 
is connected to the project- 
ing center piece /, the two 
brass pieces being separated 
by means of a porcelain 
piece r. When the lamp is 
screwed into the socket, the 
screw shell makes one con- 
nection and the center piece 
the other. Fig. 8 shows a 
lamp screwed into an ordi- 
nary Edison key socket. 

Fig. 7 {d) shows the T. H. 
base^ so called because it 
was brought out by the 
Thomson - Houston Compa- 
ny. In this base, one ter- 
minal is connected to a center 
brass piece / in which a hole 
is drilled and tapped. The 
other terminal is connected to the brass ring This base 
has the advantage that the outer shell, if one is used, is in 
no way connected to the circuit, and there is, therefore, less 
danger of receiving a shock by touching the lamp ; it has 
been, and still is, used to a considerable extent, though it is 
gradually going out of use, as it is more expensive to make 
than the Edison base. It works loose in the socket a little 
more easily than the Edison base when the lamp is sub- 
jected to vibration. When placed in the socket, terminal i 
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screws on a projecting stud, thus making one connec- 
tion; the other connection is made by the ring f com- 
ing into contact with a corresponding ring or terminal 
in the socket. The later types of T. H. base are made 
of porcelain with a brass center piece and outside ring, as 
described above. 

Fig. 7 {c) shows the Westinghoiise base, or the Sawyer- 
Man base, as it is sometimes called, because it was orig- 
inally brought out by The Sawyer-Man Company. This 
base is similar in some respects to the Edison, but the 
outer shell is not threaded ; the lamp is pushed into 
the socket, the outer shell slipping into a split bushing 
that is provided with an annular groove. The rib d 
slips into this groove when the lamp is in position and 
prevents the lamp slipping out. The other connection 
is made by the projecting pin t coming into contact with 
a spring in the socket. This base has the fault that it 
sometimes allows the lamp to drop out of the socket if 
the split bushing does not grip the rib d properly. It 
also makes comparatively poor contacts, which become 
worse with use, 

1 . 7 . When incandescent" lamps were first brought into 
use on a commercial scale, each different maker had his 

S own style of lamp base, and the result was 
that over a dozen different types were in 
use. The nurnber has, however, been grad- 
ually reduced until the three mentioned 
above probably include over 95 per cent, 
of all the bases in use in America. The 
chances are that in a few years the Edison 
base will have replaced the others, because, 
FIG. 9. taking everything into consideration, it is 
the best base of the three. Even plants that are equipped 
with sockets of other makes are fitting them with adapters 
so that they may be able to use Edison base lamps. Fig. 9 
shows an adapter for changing T. H. sockets to take lamps 
with the Edison base. 
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MEASUREMENTS ANI> EAMP CAUOIJL.ATION8, 

LIGHT MEASURKMKXTS. 

18 . Incandescent lamps are usually spoken of as givinj? 
a certain number of candlepower. For example, a lamp is 
spoken of as giving 10 candlepower when it produces an 
intensity of illumination equal to that produced by 10 stand- 
ard candles. 

19 . The unit of brightness most commonly used is a 
spermaceti candle of standard dimensions. Standard can- 
dles are .9 inch in diameter at the base, .8 inch in diameter 
at the top, and 10 inches long; they burn 120 grains of 
spermaceti and wick combined per hour. Six candles 
weigh 1 pound. The candle is not a very satisfactory 
standard, as it is subject to considerable variation, and 
other standards have been brought out to replace the 
candle in practical work. Various kinds of gas and oil 
lamps have been used for this purpose, which, although less 
liable to fluctuations than the candle, have not yet super- 
seded it. 

The Methven screen is a convenient standard that has 
been used largely. This standard consists of an Argand gas 
burner that is provided with a screen that cuts off all the 
light from the flame except that of a small portion that is 
allowed to come through a thin-edged standard opening in 
the screen. The size of the opening is .233 inch wide 
and 1 inch long. The height of the flame is 3 inches and 
the screen is placed 1^ inches from the axis of the fiarne. It 
is evident that the light given by a standard of this kind 
will vary considerably with the quality of the gas used, and 
while it may not be reliable as an absolute standard, it makes 
a very good working standard after its candlepower is known 
by comparing it with a standard candle. A slit of the above 
size should emit about 2 candlepower. 

One of the best light standards is the amyl-acetate or 
Heftier tmlt. This lamp consists of a small reservoir pro- 
vided with a wick tube of standard size. The lamp burns 
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amyl acetate and the flame is adjusted until its tip is 40 milli- 
meters above the top of the wick tube. This standard is 
very reliable and is subject to little variation. It has the 
disadvantage of giving a light of reddish tinge. The Hefner 
unit is not quite as large a unit of light as the English candle, 
the relation being 1 candle = 1.14 Hefner units. 

For photometric tests connected with electric-light sta- 
tions, neither the candle nor the amyl-acetate lamp is used 
as a working standard. 

The general practice is to standardize either an incan- 
descent lamp or an oil lamp by comparing it with the standard 
and then use the lamp so calibrated for the actual work. 
For example, an incandescent lamp might be carefully com- 
pared with a standard candle and its candlepower accurately 
determined for a given voltage. This lamp could then be 
used as a standard in measuring the candlepower of other 
lamps, provided its voltage were maintained at the correct 
value, A secondary standard of this kind is very much easier 
to work with and cheaper to operate than either a standard 
candle or amyl-acetate lamp. An oil lamp may also be 
calibrated in the same way and makes a satisfactory second- 
ary standard for practical measurements when extreme 
accuracy is not required. 

20. In order to determine the candlepower of an incan- 
descent lamp, we must have some means of comparing the 
intensity of illumination produced by the lamp with that 
produced by the standard. An instrument for doing this is 
called a pliotometer, 

21. Law of* the Photometep. — Suppose that we have a 
candle placed at Fig. 10, and hold a screen ^ at a dis- 
tance of, say, 2 feet from it. The screens are here shown 
bent so as to represent portions of spherical surfaces with A 
at the center. 

Consider the portion of the screen abed. The intensity 
of illumination on the area abed will be a certain amount. 
Now, suppose the screen to be moved back to the position C, 
4 feet from A, The total amount of light that fell on the 
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area abed will now be distributed over the area d b' d d\ 
The area d b* d d is four times that q{ a b c because A m 
is twice A / and m h is twice f g or d d is twice b e. The 
total quantity oi light falling on the two surfaces is the same, 
an4 since the area of d b' d d* is four times that of a be d^ it 



follows that the light per unit area or the intensity oi illumi- 
nation on d b' c' d is only one-quarter that on a b c d. In 
other words, doubling the distance of the screen from the 
source has cut down the intensity of illumination to one- 
fourth its former value. If the distance A m were three 
times as great as A / the intensity of illumination would be 
one-ninth that on a b e d. This law may then be stated as 
follows: 

The intensity of illumination produced by a source of light 
on any object varies inversely as the square of the distance of 
the object from the source. 

The word inversely is used to signify that the greater the 
distance, the less is the illumination. This may be also 
expressed as follows: If x is the illumination produced 
and I is the brightness of the source of light, then 
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This means, for example, that the illumination of the sur- 
face will be doubled if the candlepower of the source is 
doubled and that it will be one-quarter as great if the dis- 
tance from the source is doubled. 

23. Elementairy Photometer. — Suppose, now, that we 
have two sources of light, such, for example, as a candle and 
an incandescent lamp, and that we wish to compare the 
brightness of these two sources. If the candle A and the 
lamp B are placed in a dark room, so that there will be no 
other light to interfere, and a screen C is placed between 
them, as shown in Fig. 11, one side of th^e screen will be 
illuminated by the candle and the other by the lamp. If 
the candle and lamp were exactly of the same brightness, it 
is evident that the two sides of the screen would be equally 



illuminated when placed midway between them. If the 
screen is mounted so that it can be slid along between the 
lights, a point can always be found where the screen will be 
equally illuminated on both sides. In the present case, the 
screen would have to be moved nearer the candle than the 
lamp, because the candle is not as bright as the lamp. 
Suppose that the screen has been adjusted so that the 
illumination is equal on each side, and that the distances 
and d^ have been read off by means of the scale S, d^ being 
the distance from the screen to the standard candle and d^ 



§ le ELECTRIC LIGHTINa 


17 


the distance from the screen to the light that is being 
measured. 

Let jr, be the degree of illumination produced on one side 
and that on the other, and /, and /, the candlepowers of 
the standard and the light being measured, respectively. 
Then from formula we have 





and = 




but since the illuminations on the two sides are equal, we 
must have 



Now, the candlepower /, of the standard is supposed to be 
known, and since the distances are also known, the candle- 
power /, of the lamp being measured can at once be cal- 
culated. For this purpose, it is more convenient to have 
the last equation in the form 



( 3 .) 


33. The arrangement shown in Fig. 11 is a simple form 
of photometer, and formula 2 expresses the relation lK*tween 
the candlepower of the standard and that of the lamp being 
measured. This may be written in the form of a rule, as 
follows : 

Rule. — T/ic candlepoivcr of the lamp being tested on a 
photometer is found by multiplying the candhpotoer of the 
standard by the quotient obtained by dividing the square of 
the distance of the lamp from the screen by the square oj the 
distance of the standard from the screen. 

Example,— -Suppose, in Fig. 11, that A is a standard (handle giving 
1 candlejKJwer and that B is an incandescent lamp. The screen is 
moved until a point is f<jund where the two sides are equally illumi- 
nated. The reading on the scale then shows that the distance from the 
sUndard is 20 inches. The total distance between the lamps is 
100 inches. What is the candlepower of ? 
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Solution.— If the total length of the photometer is 100 inches, the 
distance from the lamp to the screen must be 100 — 30 = 80 inches. 
The candlepower of the standard is 1 ; hence, substituting in formula S, 

/, = 1 X = 16 c. p. Ans. 

24. The Bunsen Photometer.— The Bunsen photom- 
eter has been more largely used than any other. It is 
very simple and is capable of giving good results if used 
properly. The arrangement of the different parts is essen- 
tially the same as that shown in Fig. 11, but the distin- 
guishing feature of this photometer lies in the style of screen 



Pig. 12. 


used. It would be a difficult matter to tell when a simple 
screen like that shown in Fig. 11 was illuminated equally on 
both sides, and to overcome this difficulty Prof. Bunsen 
devised the screen shown in Fig. 13. The screen is made 
by taking a piece of good quality of white paper and making 
a grease spot in its center, as indicated by the star in Fig. 13. 
If such a screen be held so that the front side is more strongly 
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illuminated than the back side, the grease spot will appear 
dark on the white ground of the paper, as shown in (a). If, 
however, the screen be more brightly illuminated on the 
back side, as, for example, if it were held between the eye 
and a window, the grease spot will appear light on a dark 
ground, as shown in (^). If such a screen is mounted in 
place of the screen C in Fig. 11, and arranged so that both 
sides may be seen at once, the grease spot will disappear 
almost entirely when the two sides of the screen are equally 
illuminated. In order to facilitate the observation of the 
screen, it is usually arranged with two mirrors inount('d at 
a slight angle to it, as shown at Jlf M in (r). S is the screen 
with the grease spot, and the observer looks at the reflec tion 
of the two sides of the screen in the mirrors instead of the 
screen itself. This screen with the mirrors is mounted 
in a box, which is open at the ends to admit the light from 
the sources and which is also provided with an opening in 
the front to enable the observer to see the reflections of the 
screen. 


25. Fig. 13 shows the arrangement of the parts of a 
simple photometer of the Bunsen type designed by Klincr 
G. Willyoung for use in connection with lighting stations. 

the standard — in this case an incandescent lamp of acTU- 
rately known candlepower — is at one end, and //, the light to 
be measured, at the other; 1) is the bar on which the carriage 
containing the screen slides. The part D is usually spoken 
of as the photometer bar, h is the carriage containing 
the Bunsen screen. The motor h is used to spin the lamp /> 
while measurements are being made; the reason for doing 
this will be explained later. (7 and // are two adjustable 
resistances for keeping the voltage applied to the lamps at 
the proper value. 

26* Fig. 14 shows a Deshler-McAllister photometer • 
a simple instrument that has been quite largely used by 
lighting stations for testing the light-giving qualities of the 
lamps they are using. The principal difference between this 
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instrument and the one previously described is that an oil 
lamp yl is used as a working standard instead of an incan- 
descent lamp. The bar is also provided with a scale reading 
directly in candlepower, though the Willyoung instrument 
could also be provided with a direct-reading scale if desired. 
One objection to using an incandescent lamp as a light 
standard is that its voltage must be constantly watched and 
kept at the proper amount. It is largely to get around this 
difficulty that the oil lamp yl is used. This is an ordinary oil 
lamp provided with a double wick and an adjustable screen S\ 
by means of which the upper and lower ragged edges of the 
flame are cut off. K are standard incandescent lamps 
that have been accurately calibrated at the lamp factory and 
of which the candlepower at the voltage marked on them 
is known. Each of these standard lamps in succession is 
placed at B and the pointer of the carriage set at the })oint 
on the bar corresponding to the candlepower marked on the 
lamp. The voltage at the lamp is then adjusted by means 
of the rheostat G until it corresponds exactly with that 
marked. When this has been done, the screen S in front of 
the flame of A is adjusted until the grease spot is balanced, 
The lam[> y\ is then of the same candlepower as the standard 
and may be used for the measurement of other lamps, since 
after it is once adjusted it is not likely to change, though it 
should be checked up now and then to make sure that it 
does not do so. The object in having a number of standard 
lamps K instead of one only is to have a check against any 
errors that might be caused by changes in the lamps. 
Screens Z, L are provided to cut off the light from the 
observer’s eyes and a motor h is u.sed to rotate the lamp. 
These station photometers are not expensive, and if prop- 
erly used, are of great value in detecting poor lamps. 

27. After a person has become accustomed to the 
photometer, good results can be obtained provided the 
following conditions are fulfilled : 

1. The lights, both the standard and the light being 
measured, should be steady. 
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%, The standarcT and the light being measured should be 
of approximately the same color. 

3. The brightness of the light being measured and that 
of the standard should not differ to an extreme degree; for 
example, good results could not be expected if an attempt 
were made to compare an arc lamp with a candle. 

Most ordinary photometer bars are fitted with a scale 
divided into equal divisions, as shown in Fig. 11, so that the 
distances may be read off and the candlepower calculated 
from these distances and the known candlepower of the 
standard. If the standard used is always of the same 
value, it is evident that the bar might be graduated to read 
directly in candlepower, as in the photometer shown in 
Fig. ] 4. Where a large number of lamps are to be tested, this 
can usually be done, as the same standard can be used all 
the time and readings taken rapidly from the bar as soon 
as the setting of the screen is made. Many modifications of 
the photometer have been made, but the above will give a 
general idea of the principles involved and of some of the 
forms especially useful in connection with electric-light 
stations. 


LIGHT I>ISTRIBUTIOK, 

28. Mean Horizontal Candlei)ower. — If an incandes- 
cent lamp be set upon a photometer and its candlepower 
measured, it will be found that different values for the can- 
dlepower will be obtained, depending on the position of the 
lamp and the shape of the filament. For example, in Fig. 15 
the brightness of the lamp in the different horizontal 
directions i, S, .J, etc. , would not be the same. The can- 
dlepower given out in the different horizontal directions 
along any line, such as those shown in Fig. 15, is known as 
the horizontal candlefiower for that position. The mean 
or average horizontal candlepower is the average value of 
these different readings. This mean horizontal candlepower 
is sometimes obtained by taking the reading from the lamp 
while it is rapidly revolved about its vertical axis. The 



§16 


ELECTRIC LIGHTING. 


2:1 

photometers just described are arranged so that the lamp 
maybe revolved at the rate of about 180 revolutions per 
minute, thus giving the average, or mean, horizontal candle- 
power. The horizontal candlepower does not vary greatly 
in different directions with lamps as now constructed. This 



is shown by the irregular curve (Fig. 15). The distance of 
the points on this curve from the center represents the caiv 
dlepower in the direction of the radius from that point, and 
if the candlepower were the same in all directions, this curve 
would become a circle. 

39. Tertlcal Blstrlbutioii.—Fig. 10 shows the readings 
for the candlepower obtained in a vertical plane with a 
filament in the position 
shown. It will be no- 
ticed that, viewed from 
position i, the candle- 
power is practically zero, 
because the light is 
almost completely cut 
off by the base of the 
lamp. At points ^ and 
4 it is a maximum, be- 
cause viewed from these 
points the maximum 
amount of the filament is 
seen. At point S the candlepower again drops off, because 
here the filament is seen end on. The curve of horizontal 
distribution gives an idea as to how the lamp throws light 








u 


ELECTRIC LIGHTING. 


§16 


in a horizontal plane, and the curve of vertical distribution 
shows how the lamp behaves as to throwing the light up or 
down. In speaking of the candlepower of an incandescent 
lamp, the mean horizontal candlepower is usually meant, 
and this is most readily obtained by spinning the lamp as 
described above. In many cases, however, it is customary 
to measure the candlepower in one direction only, and the 
error in doing so is not usually very great, because filaments 
are nearly always twisted and the candlepower does not 



vary greatly when the lamp is viewed from different direc- 
tions. In case the lamp is not revolved when measurements 
are being taken, it should be adjusted with the plane of its 
filament at such an angle to the photometer bar as will give 
the mean candlepower. For example, in Fig. 17 suppose 
that yl B represents the axis of the bar and that we are 
looking down on the top of the lamp. The line C D will 
indicate the relative position of the plane of the filament. 
The angle a at which the filament should be inclined will 
depend on the style of filament used. For plain loop fila- 
ments it should be about 60° and for spiral filaments 30°. 

30 . Mean Splierieal Candlepower. — It has just been 
shown that the intensity of illumination given by a lamp in 
different horizontal directions varies. Also, its value is 
different for the various directions taken in any vertical 
plane passing through the axis of the lamp. If we imagine 
a lamp hung so that it may be viewed from any direction, it 
is clear that if we viewed it from any number of different 
points we would get different values for the candlepower. 
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If we took a large number of such readings, at regular 
intervals and averaged them up, we would have what is 
known as the mean spherical caiidlt»xw>wcr of the lamp. 
In other words, the mean spherical candlepower represents 
that intensity of illumination to whii'h the irregular illumi- 
nation of the lamp would be equivalent if it were an 
average candlepower given out uniformly in all dinriions. 
In connection with commercial measurements on inean<les- 
cent lamps, the mean spherical candlcipowc'r is not used to 
any great extent. It is used more in conruiction witlv are 
lamps. One arc lamp may giv^e a wididy different spherical 
distribution from another, and in comparing such lamps, the 
mean spherical candlepower forms the fairest basis of 
comparison. 

31 . Incandescent lamps are made in a variety of sizes, 
the most common candlepowers being 4, H, 10, 1(>, 20, 32, t)i), 
and 100. The IG-candlepowcr lamp is the one most generally 
used. Small lamps of L candlepower are also used 

for decorative and advertising purposes. 


PROPERTIES OF I XC^ANDESi'EN’T J.AMPS, 

32 . Temjierature. — The temperature at whic h the fila- 
ment of a lamp is worked may be anywhere from 1,250 to 
1,350® C. The hotter the filament is worked the greater is 
its light-giving power per watt consumed. Of course, it is 
desirable to operate a lamp so that it will give a large 
amount of light per watt, provided this can be done without 
injuring the lamp. At a temperature of about l,fl5o , an 
ordinary lamp will give about ^ candlepower per watt con- 
sumed; a 16-candlepower lamp would at this rate 
48 watts, or 3 watts per candle. At a temperature of 1,300 , 
the same lamp might give about i candlepower per watt 
and thus require 64 watts for its operation. Although it is 
thus advantageous, as far as power consumption goes, to 
work the lamp at a high temperature, it is found that if the 
temperature is pushed too high, the life of the lamp is great y 
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shortened. On the other hand, if the lamp is worked at a 
very low temperature; it gives a small amount of light com- 
pared with the power consumed, and although its life may be 
long, it is not satisfactory as a light-giving souroe. 

33. Kfficiency. — When the efficiency of an incandescent 
lamp or arc lamp is spoken of, the power consumption per 
candlepower is meant. For example, if an incandescent 
lamp required 3.5 watts for each mean horizontal candle- 
power, its efficiency would be 3.5, or it would be spoken of 
as a 3. 5- watt lamp. This is not a very satisfactory method 
of expressing efficiency, because, according to this, the larger 
the power consumption per candlepower, the greater is the 
efficiency; while in point of fact just the reverse is the case. 
A much better way to give the efficiency would be to express 
it as so many candlepower per watt, and in some cases it is 
expressed this way. Evidently, the greater the number of 
candlepower per watt consumed, the greater is the efficiency. 
At present, however, efficiency is nearly always expressed as 
so many watts per candle. The power consumption per 
candlepower varies considerably. If the filament is worked 
at a high temperature, we . may get 1 candlepower for every 
2.75 watts expended, or even less, but such lamps are apt to 
have a short life and, in any event, require very steady 
voltage regulation. In ordinary work, lamps give about 
.3 candlepower per watt, i. e., they require about 3.33 watts 
per candlepower. This is a fair value for the power con- 
sumption of an ordinary lamp. A lamp may take as low as 
3 or 3.1 watts per candlepower when first installed, but its 
light-giving properties fall off after it has been in operation 
for a time and the power consumption may run up as high 
as 3.8 or even 4 watts per candle. From 3.3 to 3.5 watts per 
candlepower is, therefore, a fair average. 

34. Connoetions for Testing:, — When testing lamps, a 
careful record should be kept of the length of time they have 
burned, also of the voltage and current. With this data at 
hand, together, of course, with the readings of candlepower 
as given by the photometer, the efficiency of the lamp at any 
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time during tbe test may be at once determined. Accurate 
instruments must be used, and their scales should be so 
divided that the ammeter or mil-ammeter may be read to 
ampere and the voltmeter to jV volt. A variable resist- 
ance should also be inserted in series with the lamp so that 
the voltage across the lamp terminals may be kept nearly 
constant. 

Fig. 18 shows the general scheme of connections. The 
ammeter ^ is connected in series with the lani[) and the volt- 
meter V across its terminals. Readings o( A are taken with 
the voltmeter cut out, so that A does not measure the cur- 
rent through the voltmeter as well as that through the 
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lamp. A good ammeter and voltmeter are to be preferred to 
a wattmeter for this kind of work, as the results are more 
likely to be accurate. Continuous current should, if possible, 
be used for all testing, as alternating-current instruments 
are more likely to lead to inaccurate results. Current sup- 
plied from a continuous-current dynamo running at constant 
speed may be used, but it will be found more satisfactory to 
use current from a storage battery if it can be obtained, a.s 
the latter current is perfectly steady. Readings of candle- 
power, current, and voltage should be taken as nearly simu - 
taneously as possible. 
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35 . liamp EstlmatcH. — With an average power con- 
sumption of 3.3 watts per candlepower, a 16-candlepower 
lamp would require 10 X 3.3 = 52.8 watts. The current 
that the lamp will require will depend on the voltage at 
which it is operated. The current in any case can be 
obtained by the following formula or rule : 




( 3 .) 


in which C caiidlepowcr, IF = watts per candlepower, 
and Fthe voltage across the lamp terminals. 

Rule. — Multiply the candlcpoivcr of the lamp by the watts 
per candlepower and divide by the voltage at which the lamp 
IS designed to operate. 

Example. — A 3'2-candlepower lamp requires 8 5 watts per candle- 
power and is designed to operate at a pressure of 110 volts. What will 
be the current taken by the lamp and what will be the resistance of the 
lamp when hot ? 

Solution. — From the above rule, we have 
32 X 3 5 

Current = — = b02 amperes, nearly. Ans. 


F F 

From Ohm’s law we have C = or ; 

A C 


hence, Resistance = = 107.8 ohms. 


Ans. 


Note. — The value of the resistance of an incandescent lamp obtained 
by dividing the E M F. by the current flowing through it gives the hot 
resistance. The resistance of carbon decreases as the temperature 
increases. Since the temperature is high in an incandescent lamp, the 
cold resistance is very much higher than the hot; it may be almost 
double the lyrt resistance. In practical work, we are not, as a rule, 
concerned directly with the cold resistance of the lamps, and when the 
resistance is spoken of, the hot resistance is meant. A 16-candle- 
lamp has a hot resistance in the neighborhood of 220 to 


Small incandescent lamps require a larger number of watts 
per candlepower than large ones. For example, a 4-candle- 
power lamp requires in the neighborhood of 20 watts; a 6-can- 
dlepower, 25 watts ; an 8-candIepower, 32 watts ; and a 10-can- 
diepower, 37 watts. In general, then, the substitution of a 
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small lamp for a larger one will result in a saving in power, 
but not indirect proportion. For example, if an H-candle- 
power lamp were substituted for a Kbcandlepower, the power 
consumption might be reduced from about 52.8 watts to 
32 watts and the candlepower would be cut down one-half. 


36. If we allow for loss in the line, it will j)robably 
reiiuire at least 60 watts at the dynamo terminals for every 
16-candlepower lamp operated. Hence, if the output of the 
dynamo, in kilowatts, is known, the number of 16-candle- 
power lamps that it is capable of operating may be obtained 
approximately by the following formula or ruh‘; 


No. of 16-c. p. lamps = - ~ 


K IV X 


(H) 


( 4 -) 


in which K W is the capacity of the dynamo in kilowatts. 

Rule . — Multiply the capacity of the dynamo in kihnoaits 
by IfiOO and dhndc the result by 00, The quotient lodl j^^ree 
approximately the number of 10-c, p, lamps that the machine 
is capable of operating. 

Example 1. — About how many lO-candlepower l.imps sliotild a 
12-kilowatt dynamo be capable of operating ? 

Solution.— 

Number of lamps — =200. Ans. 


Sometimes the output of the dynamo is given in volts and amperes 
instead of in kilowatts. In such cases, the output in is easily 

obtained by multiplying the volts by the amperes, and the number of 
Ifi-candleiTower lamps that the dynamo can o])crate may ihvn be 
obtained by dividing by 00 as before. 

Example 2. — A dynamo is capable of delivering an output of 
70 amperes at a pressure of 115 volts. About how many lO-eandle- 
power lamps can it run ? 

Solution.— The output in watts will l>c 115 X 70 -- 8,0.50, and since 
each lamp requires about 00 watts, the capacity of the machine will l>e 
=r 134. Ans. 


Note.— When the capacity of a dynamo is given as so man) 
10-candlepower lamps are always meant. H .U-candlewwer Ur 
operated, each 32-candlepower lamp shcmld be counted a,s the 
lent of 2 of 10-candlepower. 


ni>H are 
equiva- 
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37. The number of indicated horsepower required at the 
steam engine to operate a given number of lamps will 
depend on the amount of power lost in the dynamo and 
engine. The approximate rule given above supposes that 

00 watts are required at the terminals of the dynamo for 
each lamp operated. There will be some loss in the dynamo 
and in the engine, so that the indicated power per lamp at 
the cylinder of the engine must be more than GO watts. 
Just what this indicated power per lamp must be will depend 
on the combined efficiency of the engine and dynamo, and 
this will, in turn, depend on the size and type of engine and 
dynamo. Generally speaking, ten 16-candlepower lamps can 
be operated per indicated horsepower ; this number may be 
exceeded somewhat with very economical engines and dyna- 
mos, while, on the other hand, with poor apparatus the lamps 
per indicated horsepower may fall below the number given. 

hxAMPLE. — An isolated plant is to be installed for operating 350 
16-candlepower lamps, (a) What should be the indicated horsepower 
of the engine ? (^) What should be the approximate capacity of the 
dynamo in kilowatts ? 

Solution. — (a) Allowing 10 lamps per indicated horsepower, the 
horsepower of the engine would have to be = 35. 

(^) Allowing 60 watts at the dynamo terminals per lamp, the output 
in watts would be 350 x 60 = 21,000, or 21 kilowatts. Ans. 

38. Xilfe. — The length of time that an incandescent 
lamp will burn before giving out is very uncertain and 
depends on a number of different things. Sometimes there 
may be defects in the manufacture that will cause a lamp to 
burn out in a very short time, though systematic testing at 
the factory has resulted greatly in the reduction of the 
number of such lamps that reach the consumer. Lamps are 
often run at a higher voltage than they should be, and 
although this makes them give a good light for the time 
being, it shortens their life greatly. Raising the pressure 

1 or 2 volts above the proper amount on a 110- volt lamp may 
shorten its life as much as 15 to 25 per cent. On the other 
hand, it does not pay the central station to run the voltage 
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low, because, although the lamps may last longer, they will 
not give a good light and will give rise to dissatisfaction on 
the part of the customers. It is always best to run the 
lamps as nearly as^possible at the voltage for which they are 
designed, and to run the plant so that the regulation will be 
good, i. e,, so that the voltage at the lamps will be nearly 
constant, no matter how the number of lamps in use may 
vary. 

39. Assuming, however, that the voltage is kept at the 
proper amount, the lamp will gradually fall otT in brilliancy 
after it has been burned for some lime, and after a certain 
point is reached the lamp becomes so uneconomical that it 
pays better to replace it by a new one rather than attem[)t 
to run it until it burns out. The length of time during 
which it pays to burn a lamp is difficult to decide. Lamps 
will frequently burn over 2,000 hours before they give out, 
but after they have burned from 500 to 700 hours their can- 
dlepower has fallen off to such an extent that it will prob- 
ably pay to replace them. Many large central stations 
make it a rule to replace lamps when they have fallen off 
to 80 per cent, of their original candlepower. For exam- 
ple, a lO-candlepower lamp would be discarded when it had 
fallen off to 12.8 candlepower. 

40. The falling off in candlepower is generally attrib- 
uted to a disintegration of the carbon. The filament grad- 
ually increases in resistance on account of small particles of 
carbon being thrown off ; this increase in resistance results 
in a decrease in current and, consequently, in a falling off 
in candlepower. Moreover, the sm«'ill particles of carbon 
are deposited on the inside of the globe, thus producing 
the well-known blackening effect and further reducing the 
illuminating capacity of the lamp. Lamps have been very 
much improved of late years as regards this falling o m 
candlepower. The two curves, Fig. HI, given by Mr. 
Willcox,^ illustrate the improvement in this respect, the 

* See Journal of Franklin In.stitute, April, 1900. 
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upper curve being for a modern lamp and the lower for an 
old-style lamp. Both lamps start out with the same candle- 
power, and the lines show the percentage of the initial can- 
dlepower after the lamps have been burning for different 
intervals of time. There is a steady decline in the voltage 
of the old lamp from the time it starts burning, and at the 
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end of 500 hours it is only giving 70 per cent, of the light it 
gave at the start. The candlepower of the other lamp, on 
the contrary, increases slightly during the first 25 hours, and 
at the end of 75 hours has gotten back to its original candle- 
power. It then falls off in candlepower, but at the end of 
600 hours is still giving about 77 per cent, of the original 
amount. 


41, Voltaircs. — The voltage of an incandescent lamp is 
the pressure that must be maintained between its terminals 
in order that the resulting current shall cause the lamp to 
give its rated candlepower. By far the greater number of 
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incandescent lamps in use are designed for voltages any- 
where between the limits of 100 and 115 volts. For exam- 
ple, 100, 104, 110 are common values. When alternating 
current was first introduced, it admitted the use of low 
voltages at the lamps, because the current ('ou Id be trans- 
mitted at high pressure and then transformed to low pres- 
sure. At that time, it was more difiicult to make durable 
and efficient lamps for 100 or 110 volts than for lower volt- 
ages, and a pressure of 50 or 52 volts for the lamjis bt‘eame 
common. This pressure is not being used on new installa- 
tions, because there is now no difficulty in making lamps for 
the higher voltages. A pressure of iSO volts is commonly 
used for marine work. Of late years, it has hec'ome possible 
to make lamps for 220 to 250 volts, and a number of plants 
using lamps of this voltage are in succesvsful operation. 

In connection with lamp voltages, it may be interesting to 
note that in the process of manufacture it is impossible to 
make all the lamps come out at the voltage aiimai at. hor 
example, if a lot of 110-volt lamj)s were to he made up, a 
great many of them would come out at lOS, 1 00, Jll, or 
thereabouts. It is often a good plan, therefore, for a sta- 
tion to operate at an odd voltage of, say, 107 or 111 rather 
than at 110, as the chances are that if lami>s arc ordtrred for 
the odd voltages they will be obtained, whereas, if ordered 
for the even 110 volts, it is probable that lOH-volt or 
109-volt lamps marked 110 will be supplied, because it would 
be practically impossible to supply ail the lamps of exactly 
110 volts without especially selecting them. 

48« General Itemarks. — Incandescent lamps arc made 
for a wide range of voltage and candlepower. Ihe power 
consumption per candlepower also vanes through wide 
limits. High-efficiency lamps, in general, will have a short 
life unless the voltage regulation is very good; henc<;, high- 
efficiency lamps should not be used in places wht^re the 
regulation is poor. In order to determine the current that 
any lamp will take, its power consumption per candle must 
be known, and the current may then be calculated as 
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explained in Art. 35* When making wiring estimates, or, 
in any case, when the approximate current only is needed, 
the following values of the current required per lamp may 
be used : 


TABI.E I, 


Candlepower. 

Voltage. 

Current. 

Amperes. 

10 

110 

.36 

16 

no 

.50 

32 

no 

1.00 

10 

52 

.75 

16 

52 

1.00 

32 

52 

2.00 


43 . Heating*. — A 16-candlepower, 64- watt incandescent 
lamp gives off about 220 British thermal units of heat per 
hour. 

A British thermal unit is equivalent to the amount of 
heat that is required to raise 1 pound of water from 62"^ F. 
to 63^ F. 

Incandescent lamps give off between 5 and 10 per cent, 
of the heat emitted by gas-jets of the same candlepower. 

44 . Illumination by Incandescent Hamps.—In all 
methods of wiring, it is necessary to so locate the light that 
the best illumination may be obtained. In factory lighting, 
the lights are so placed that they will be as near as possible 
to the workmen, whether at the machine or vise. 

For the interior of stores, general illumination is required. 
Show windows should be lighted by reflected light only, 
because exposed light striking the eye will cause the effect 
of the general arrangement to be lost to the observer. In 
picture galleries, this same idea should be carried out. House 
illumination is more for effect than general illumination. 

In theater lighting, where the scenic effects depend 
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entirely on a careful adjustment of light intensities, experi- 
ence is the only guide. 

Among other points to be observed in placing lights is the 
color of the surrounding walls. Dull walls will refhx't only 
about 20 per cent, of the light thrown on them, while a 
clean, white surface wnll reflect 80 per cent. The height of 
the room also reduces the effectiveness of a given light 
intensity. 

One cantlle-foot is considered a good light to read by, 
which is the illumination given by a standard candle at the 
distance of 1 foot. 

The illuminating value of different lights is as follows: 


TABCE II. 


Light. 


CanUlt*-Fei*t. 


Ordinary moonlight. 
Street lighted by gas 
Stage f)f theater .... 
Difftised daylight. . . 


.025 

.030 

2.0 to 3.K 
10.0 to 40.0 


A clear idea of these various intensities is easily gained 
by comparison, remembering that 1 camilc-foot furnishes a 
good light to read by, as stated above. 


TIIK NKKNST l^AMP. 

45 * Many attempts have been made to improve the effi- 
ciency of incandescent lamps. The efficiency ^>f any light- 
giving source depends on the temperature of the substance 
that emits the light. If the temperature is increased, the 
amount of energy given off in the shape of light becomes 
greater in proportion to the amount given off as htiat, and 
the efficiency of the lamp as a light-gi ving source is improved. 
For example, an incandescent lamp worked above its norma 
voltage gives more candlepower per watt consumed than if 
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worked at a low voltage; but the high temperature soon 
burns out the filament. Many attempts have been made to 
produce filaments that could be operated at a higher tem- 
perature than carbon and thus make more efficient lamps. 
One of these is the Nernst lamp. This lamp has not as yet 
come into extended commercial use, so that we will confine 
ourselves to a brief description of its principle of action. 
There are some substances that, while they are good insula- 
tors when they are cold, become fairly good conductors 
when heated to a sufficiently high degree. Glass, for 
example, when heated to a red heat will conduct electricity. 
Oxide of magnesium (magnesia), thoria, and a number of 
other oxides will also conduct electricity when they are 
heated. 

The ** glower,” or light-giving portion of the Nernst lamp, 
is a small stick made of oxide of magnesia, thoria, or similar 
substance. When this stick is heated it conducts current, 
and this brings the oxide up to a very high temf>erature, 
thus making it give light. The temperature attained by 
the oxide stick is very much higher than that of the incan- 
descent-lamp filament, and the lamp is therefore far more 
efficient. It is necessary, however, to have a small amount 
of resistance in series with the glower, in order to make the 
action of the lamp stable, and this tends to lower the effi- 
ciency to some extent. The glower is protected by a small 
glass globe, but the air is not exhausted. The substance 
giving the light is already an oxide, so that, it cannot be 
further oxidized by being in contact with the air, and there 
is no need of placing it in a vacuum. One disadvantage of 
the lamp is that the glower must be heated before the lamp 
will start. Various devices for accomplishing this initial 
heating electrically have been brought out. In the West- 
inghouse type of Nernst lamp, the glower is heated by being 
placed directly under a coil of platinum wire wound on a 
small cylinder of refractory material. When the current is 
turned on, it heats this coil and thus raises the temf)erature 
of the glower until it is able to conduct current. After the 
glower has started, the heating coil is cut out automatically, 
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It requires from 15 to 30 seconds for one of these lamps to 
start. The light given by the Nernst lamp is of a pleasing 
color, and 1 candlepower can be produced with an exi>endi- 
ture of 1.50 to 2 watts. 


METHODS OF CONNECTING DAMPS. 


46. Lamps In Parallel. — By far the greater number of 
incandescent lamps are connected in parallel, as shown in 


Fig. 20. When lamps are connected in this 
way, the pressure between the two lines must 
be kept at a constant value, because if this is 
not done, the current flowing through the 
lamps will vary. It must be remembered 
that the resistance of the lamp cannot change, 
unless the temperature of the filament 
changes, because the filament is of fixed 
dimensions. The current that will flow 
through any lamp depends on two things, 
and only two, namely: the pressure between 
the lines and the resistance of the lamp. 
The current in each lamp will be equal to 
the pressure between the mains divided by 
the resistance of the lamp. So long as the 
pressure is kept constant, it is easy to see 
that the turning off or on of any lamp does 
not affect the others. The current C flowing 
in the mains will increase when lamps are 
turned on and decrease when they are turned 
off. As stated above, practically all incandes- 
cent lamps are connected in this way, because 
such an arrangement is extremely simple, 
and each lamp is independent of the others. 



no. tio, 


47. Lamps In Series.— Lamps are occasionally con- 
nected in series, as shown in Fig. 21. This arrangement is 
used principally for street lighting; it is seldom used f<)r 
interior work for reasons that will appear later. In this 
current flows through all the lamps; hencC| 
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their filaments must all be of the same current-carrying 
capacity. If it is desired to have some lamps of higher 
candlepower than the others, their filaments must be made 
longer. The pressure across the terminals of any lamp may 
be found by multiplying the resistance of the lamp by the 
current flowing. Also, since the lamps are connected in 
series, the total pressure required to force the current 
through the circuit will be the sum of the pressures required 
for the separate lamps. For example, suppose we had 
10 lamps, each requiring a pressure of 20 volts and a cur- 
rent of amperes; also, 5 lamps each requiring a current of 



Fig. 21. 


3^ amperes and a pressure of 40 volts. The total pressure 
required for the circuit, neglecting the loss in the line, would 
then be 20 X 10 5 X 40 = 400 volts. In this system, the 

line current is small; hence, it is well adapted for incandes- 
cent street lighting, where the area to be covered is large. 
It should be noted that in a system of this kind the current 
must be maintained at the value for which the lamps are 
designed. This means that the pressure between the ends 
of the line must be raised as more lamps are added to the 
circuit, because the resistance is increased. Also, the pres- 
sure must be lowered when lamps are cut out, otherwise the 
current would increase and burn out the remaining lamps. 
In the series system, the current is constant and the pres- 
sure varied so as to keep it constant ; in the parallel system, 
the pressure is kept constant and the current varies as the 
number of lamps in use is increased or decreased. Another 
point to be noted in connection with the series system is 
that some means must be provided for maintaining the 
circuit around the lamps, in case they should burn out; 
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otherwise, the breaking of any one lamp would put out all 
the lights on the circuit. The method by which this is 
accomplished will be described when this system is taken up 
in detail. The student will also note that if the number of 
lamps operated is at all large, the pressure applied to the 
circuit may be very high. This introduces an element of 
danger and is the principal reason why series lighting is 
not used for interior work. Lamps in series may be cut out 
of circuit by short-circuiting them as indicated by switch S, 
Fig. 21 ; whereas, in the parallel system they must, of ( ourse, 
be cut out by opening the circuit through the lamp by 
means of a switch in series with it. This switch may be a 
separate device, as at Fig. 20, or it may be in the lamp 
socket and worked by a key, as at 




48 . lAmps In Multiple Series.— This method, some- 
times called parallel series, is a combination of the two 



40 ELECTRIC LIGHTING. §16 

preceding and is used in a number of special cases. Per- 
haps its widest use is in connection with the lighting of 
electric street cars; it is also used in mine-lighting work, 
where lights are operated from the haulage system. This 
multiple-series scheme of connection is shown in Fig. 22. 
Suppose, for example, that we have a pair of mains between 
which a constant pressure of 500 volts is maintained, as on a 
street railway, and that we wish to operate incandescent 
lamps on such a circuit. We cannot obtain lamps for 
500 volts and a single 100-volt lamp 
would be burned out instantly if it were 
connected across the mains. If we wish 
to use 100-volt lamps, we may connect 
five of them in series, as shown. With 
such an arrangement, the current through 
the series of five lamps would be about 
^ ampere and the pressure across each 
lamp 100 volts. We may connect any 
number of such series of five lamps across 
the mains, and if one light goes out, it 
puts out the other four in the same cir- 
cuit with it. Also, if any lamp were cut 
out, by short-circuiting it, the voltage 
on the other four lamps would become 
higher than they could stand, because 
the pressure between the mains is con- 
stant, and cutting out the drop through 
one lamp simply throws that much more 
pressure on the others. As stated above, 
this method of connecting lamps is used principally in 
places where it is desired to operate lamps on power cir- 
cuits, the voltage of which is usually higher than that of 
the lamp. Fig. 23 shbws a multiple-series arrangement with 
two lamps in series, a scheme of connection sometimes 
used for operating lamps on 220-volt power circuit, for 
example, in mine-haulage plants. By adding the middle, 
or neutral, wire to Fig. 23, we get the three-wire system, 
Fig. 24, so extensively used for distribution in large cities. 
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The schemes of connection given above cover most of 
the cases met with in practice. Their use in connection 
with the different systems of distribution will next be 
considered. 


SYSTEMS OF DISTRIBtTTION. 

49. It will be necessary to take up at this point the 
different systems commonly used for supplying the elec- 
trical energy to the lamps. The methods of distril)uting 
the current to the lamps by means of the wiring in the 
building will not be considered here, as that part of the 
subject belongs properly to interior wiring and will be 
taken up in connection with that subject. The following 
brief descriptions of the more important distributing sys- 
tems are intended to point out how the methods already 
described are applied to electric-lighting work. Current for 
electric lighting is distributed from the station to the point 
of utilization in the same manner as for power triinsniission ; 
in fact, in the majority of cases the electric energy trans- 
mitted is used both for lighting and power purposes. 

With but few exceptions, the current required for the 
operation of incandescent lamps is distributed at a constant 
potential, i. e., the aim is to keep the pressure at the station 
such that the pressure at the lamps will remain constant no 
matter what the load may be. If the pressure at the lamps 
is not maintained uniform within narrow limits, the service 
will be poor, the life of the lamps short, and the com- 
plaints from customers numerous. Where the lamps are 
run on a constant-potential system, the current transmitted 
over the lines increases with the load, because every light 
turned on means just so much more current to be supplied. 
The consequence is that the drop in the line increases with 
the load, and in order that the pressure at the lamf>s shall 
be maintained constant instead of falling off on account of 
this drop, the pressure at the dynamo or station must be 
raised slightly. In any event, no matter what means may 
be adopted for distributing the current, the aim should 
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be to provide the lamps with a uniform pressure and to 
see that this pressure is kept uniform, no matter how the 
number of lamps operated may vary. The distribution 
should also be designed so as to accomplish the object 
aimed at with the least possible expense, i. e., the distribu- 
ting lines should be laid out so as to secure the desired 
results with the smallest possible amount of copper and loss 
of energy. 


BlRECT-CUimENT CONST AN T-POTE?^^TIAE SYSTEM. 

50. Simple Two- Wire System. — This method of dis- 
tribution is very largely used for small, isolated plants, or 
any installation where the power is transmitted a short dis- 
tance only. The lamps are usually operated at 110 volts 
and the current is supplied by compound-wound dynamos. 
Fig. 25 shows a single dynamo G operating lamps on the 



simple two- wire system. In this case, two main wires A, A 
run from the dynamo, the various switches and measuring 
instruments being here omitted for the sake of clearness, 
and the lamps are either connected directly across this 
pair of mains or are connected across branch mains, as 
shown at i?, B and C, C, The lamps are, therefore, simply 
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connected in parallel, as e.’cplained in Art. 46. This arrange- 
ment answers very well for small plants, where only a small 
number of lamps are operated and where they are not 
scattered very widely. 


51. Feeders and Mains. — If the lamps are scattered 
over a considerable area, it is best to run out feeders, as 
shown at A and B, Fig. 2(1, to what is known as centei*s of 
distribution, as at C and I), and then at these points 
attach mains E, F to the feeders. These centers of dis- 
tribution should be selected so as to lie near the points 
where the bulk of the light is used. It will be noticed that 
no lights whatever are attached to the feeders ; they simply 



Fig. 26. 

convey current from the station to the center of distribu- 
tion, which becomes, as it were, a kind of substation. By 
this method, a considerable drop can be allowed in the 
feeders without causing any trouble at the lights. For 
example, suppose 110- volt lamps were to be operated and a 
drop of 15 volts was allowable between the dynamo and the 
last lamp on the line. We may, for example, figure the 
cross-section of the feeders so that a drop of 13 volts will 
occur in them. This large drop will allow comparatively 
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small feeders to be used and will not be injurious to the 
lamps, because the pressure at the point C will be main- 
tained at 112 volts, and the variation in pressure along the 
mains would be but 2 volts, or the balance of the total 
drop of 1 5 volts allowed. It is evident that when no cur- 
rent is flowing, there can be no drop in the line, because the 
drop is the product of the current and the line resistance. 
As the current increases, the drop increases, so that in the 
above case the dynamos would have to be adjusted to give 
a pressure of 110 volts at no load and 125 volts at full load; 
in other words, the dynamo would be overcompounded so as 
to give a rise in voltage of 1 5 volts. 

52 , The arrangement just described is known as the 
feed er-and -main system, and the advantages of such a 
system may be summed up briefly as follows: 

1. It allows the use of a large drop in the feeders carry- 
ing the current to the point where it is distributed, thus per- 
mitting the use of comparatively small conductors and 
thereby catting down the expense. 

2. It allows this large drop without introducing large 
variations in the voltage obtained at the lamps. 

3. It allows the district lighted to be divided into sec- 
tions, each supplied by its own feeder, and thus admits of 
each section being controlled independently from the station. 

53. Throe- Wire System. — The simple two-wire sys- 
t(‘m, even if operated on the feeder-and-main plan, requires 
altogether too much copper to admit of very extended 
use. For moderate distances, the three-wire system is used. 
Fig. 27 shows this system using feeders and mains as applied 
to lighting work. A large amount of lighting is carried out 
on this plan in New York, Philadelphia, and other large 
cities. It is not confined to direct current alone, but is also 
largely used in connection with alternating current. We 
have here the two dynamos A and connected in series and 
supplying current through the feeders 7, 2, S, etc. to the 
different centers of distribution where the mains c are 
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attached. The use of this arrangement effects a consider- 
able saving in copper over the two-wire system; the pressure 
commonly used is 110 volts on each side of the circuit, or 



220 volts between the outside wires. In some recent plants, 
220-volt lamps are used, thus giving 440 volts between the 
outside wires. 

54 , 8i)ecial Tliree-Wlre Systems. — The ordinary three- 
wire system has the disadvantage of requiring two dynamos.. 
If the load were absolutely balanced, one 220-volt dynamo 
would alone be sufficient, but in most cases an accurate 
balance cannot be obtained. A number of different systems 
have been devised whereby a large 220-volt dynamo can be 
operated on the two outside wires and the unequal distribu- 
tion of the load taken up by a balancing arrangement of 
small capacity compared with that of the dynamo. 



Pig. 28. 


55 . Fig. 28 shows one of these systems where the unbal- 
ancing in the load is taken care of by means of the storage 
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battery connected as shown. The middle point of this 
battery is connected to the line. The 220-volt dynamo is 
connected to the outside wires, and if a larger current is 
needed on one side of the battery than on the other, the 
extra current is supplied from the battery. It is not, how- 
ever, generally advisable to use a battery in this way for 
maintaining the balance continuously as the cells become 
unevenly discharged. When batteries are used on three- 
wire systems, they are usually connected across the outside 
lines and a switch })rovided to connect their middle point with 
the neutral, so that they can be used for balancing in case 
of necessity. 

56 . Fig. 29 shows a three-wire system fed by a 220-volt 
dynamo A in conjunction with a motor-dynamo {7 a'. This 
motor-dynamo is sometimes called a balancin^ar set or Iml- 
aneer. The armatures a, a' are mounted on the same shaft 
and connected in series, the mid-point n being connected to 
the neutral wire. The fields of these two machines are con- 
nected across the mains, as shown at ff\ When one side 
of the system is more heavily loaded than the other, the 



Fig 29. 

machine on the heavily loaded side runs as a dynamo and 
helps to supply current to that side, while the machine on 
the lightly loaded side absorbs power and runs as a motor, 
thus equalizing the load. Take, for example, the special case 
shown in Fig. 29, where we have 12 lamps on one side and 
6 on the other. We will have 18 lamps to be supplied with 
power from the 220- volt machine A. Allowing 55 watts 

per lamp, this gives 65 x 18 watts and, hence, — - ^ 

220 

= 4^ amperes. The current flowing out on F and back 
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on P must, therefore, be 4J- amperes. The upper side of 
the three-wire system requires G amperes and the lower 
side 3, because we have 12 lamps in parallel in the one case 
and 6 in the other. We have, then, 3 amperes coming back 
through the neutral, of which flows through a\ running 
it as a motor and generating H amperes in a. This 
amperes is added to the 4J- in line /% thus making the 
6 required for the upper side. By following the current as 
indicated by the arrows, the student will understand how 
the balance is maintained. If the lower side should become 
more heavily loaded than the upper, the current in the neu- 
tral wire would be in the opposite direction and the action 
of a and a' would be reversed; that is, a would act as the 
motor and as the dynamo. This motor-dynamo or bal- 
ancer does not have to be placed in the station; it may be 
placed at a point near the center of distribution, thus requir- 
ing only the two feeders F and F' to be run back to the 
station, and thus avoiding the necessity of running the 
neutral wire all the way back, and thereby effecting a saving 
in copper. In the above illustration we have neglected the 
losses in the balancing set. As a matter of fact, machine A 
would furnish more than amperes in order to make up for 
the losses in a a! and supply the lamps as well. 

57. In most large stations operating on the three-wire 
system, the amount of unbalancing is usually small com- 
pared with the total load carried, so that the capacity of the 
balancing arrangement is, as a rule, small compared with 
that of the main dynamo. By far the greater part of the dis- 
tribution on the three-wire system is, however, carried out 
by the ordinary two-dynamo arrangement shown in Fig. 27. 

58. Volta^^c Re^?ulati<>n. — In stations where a large 
number of lamps are operated, it is usually necessary to 
have several distinct feeders running to the different districts 
to be lighted or supplied with power. Some of these feeders 
may be long, others quite short. In order, therefore, to 
keep the cross-section of the long feeders within a reasonable 
3 ize, a larger drop must be allowed in them than in tb^ 
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short feeders. It is necessary, then, to have some means of 
supplying the long-distance feeders with a higher pressure 
than those supplying the nearby districts. Of course, the 
voltage on the short feeders might be cut down by inserting 
resistance in series with them, and this, in fact, has been 
done in some cases. Such a method is, however, wasteful 
of power and is not to be recommended. 

59, A common method is to use separate dynamos for 
supplying the long-distance feeders, and simply run these 
dynamos at a higher voltage than those supplying the short 
feeders. This is an excellent method where the separate 



dynamos are available, but frequently this is not the case. 
When only one dynamo or set of dynamos is at hand for 
operating the whole system, the best plan is to run the 
machines at the lower pressure suitable for the short feeders, 
and use a booster” to raise the vojtage on the other 
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feeders. Fig. 30 will indicate what is meant by this arrange- 
ment. The plan shown is for the three-wire system, though 
the same scheme may be used on a two- wire system and is, in 
fact, largely used on such systems in connection with electric 
railways. In Fig, 30, A and JJ are two dynamos operating 
on the three-wire system and supplying current directly to 
the short feeders 7, /, , S\ Feeders a, rand<r?', //, c’ 

run to outlying points and, therefore, must be supplied with 
a higher pressure than the other feeders. We will suppose, 
for example, that each dynamo generates 125 volts and that 
the long-distance feeders require 140 volts between the out- 
side and neutral wire; 15 volts must, therefore, be added 
to each dynamo voltage. This is accomplished by the 
“boosters” C and D connected as shown. The boosters 
are small dynamos that are driven cither i:>y a steam engine 
or, more frequently, by an electric motor. The fields of 
these machines arc separately excited from the mains and 
the armatures are connected in series with each of the out- 
side wires, as shown. The armatures of the boosters must 
be capable of carrying all the current used on the long- 
distance feeders and be able to generate a pressure equal to 
that by which the voltage is to be raised. For example, in 
this case the booster armatures would generate the extra 
15 volts required and thus give 140 volts on the feed- 
ers a, b, c and a\ //, c'. By varying the field rheostat of 
the boosters, the voltage on the feeders may be adjusted. 
Boosters are about the same as other dynamos in general 
appearance, except that they usually have very large com- 
mutators and brushes compared with other dynamos of 
equal capacity, because they have to carry a large current 
through their armature. If the connections of the booster 
armatures were reversed, it is evident that they would lower 
the voltage instead of raising it. 

00 . Five- Wire and Seven-Wire Systems. — The three- 
wire system has been still further extended so as to make 
use of higher potentials by employing four dynamos in 
series and three neutral wires This allows the use of 
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440 to 500 volts between the outside wires and permits a 
still larger area to be covered than by the three-wire system. 
Seven-wire systems using six dynamos in series have also 
been used, and the five-wire system especially has been suc- 
cessfully applied on the Continent of Europe. Five-wire 
and seven-wire systems have been very little used in America, 
the practice being to use alternating-current methods of 
distribution if pressures higher than those given by the 
11 0-220- volt or 220-440-volt three-wire systems are required. 
The use of three-wire systems with 220-volt lamps and 
440 volts across the outside wires is gradually extending, 
because the higher pressure allows larger areas to be sup- 
plied and effects a saving in copper over the 110-220-volt 
system. 


BmEOT-CURllKNT, CONSTANT-OURHENT SYSTEM. 

6J. This system is very seldom used for incandescent- 
lighting work. It was in use to some extent in the early 
days of electric lighting, when a few incandescent lights were 
operated in series with direct-current arc lamps. In such 
systems, the current used was a direct one, furnished usually 
by a machine of the T. H., or Brush, type, and this current 
was maintained at a constant value by the variation in 
E. M. F. brought about by the automatic regulator. There 
were many objections to operating incandescent lamps in 
this way; each lamp had to be provided with a cut-out of 
some kind to prevent the circuit being broken in case a 
lamp burned out; such circuits also required a high pressure 
for their operation, and this rendered the use of incandes- 
cent lamps so operated dangerous for interior illumination. 


AETERNATIXG-CURRENT, CONST ANT-POTENTIAE SYSTEM. 

62, Alternating current at constant potential is very 
extensively used for incandescent lighting, because this 
n^ethod allows lights to be operated over large areas with q 
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comparatively small loss and a small expenditure for copper. 
The distribution may be carried out either by means of 
the single-phase, two-phase, or three-phase system. If the 
current were intended for operating lights only, the single- 
phase scheme would be used, as it is simpler than either 
the two-phase or three-phase arrangements. Most modern 
lighting plants, however, are equipped so that they can 
operate motors as well as lights, and, hence, it is now cus- 
tomary to install multiphase systems rather than single- 
phase. 

63 . Sln^yle-Pliase Hystem. — When alternating current 
first came into use for electric lighting, a simple alternator 
was used to supply current at a constant pressure. This 
current was transmitted over the line, and at the various 
points where it was utilized, transformers were installed to 
step down the voltage to an amount suitable for the lamps. 
Each customer usually had his own transformer. If the 
system was small, only a single pair of lines or feeders was 
run from the station; in case the area lighted was large, 
a number of feeders supplying different sections were used, 
as previously described for the direct-current system. The 
pressures first used were 1,000 volts on the primary mains 
and 50 or 52 volts on the secondary. As the construction 
of alternators, transformers, and lamps was brought to a 
higher stage of perfection, the pressures were increased to 
2,000 volts primary and 100 to 110 volts secondary. The 
frequency used in the early plants was usually from 125 to 
133 cycles per second; in later plants, 60 cycles has become 
common practice. 

64 . The great advantage of this system over the direct 
current lies, of course, in the use of the high pressure for 
transmitting the current. The introduction of alternating 
current rendered possible the lighting of many places that 
could not afford the expense of installation that would be 
necessary if direct current were used. It also rendered 
available water-powers located at some distance from the 
center to be lighted. 

J. IlL—16 
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65 . It was formerly customary, in connection with sys- 
tems of this kind, to install small transformers for each 
customer, as shown at A, 7>\ C, Fig. 31, and if a large 
amount of current were required at any point, a number of 
transformers were connected in parallel, as shown at K. 
This was necessary because transformers were not then 
made in large sizes. On account of the objections, as 
before stated, to running a number of small transformers in 
parallel, it has become the practice to make use of a system 
of secondary mains supplying a number of customers and 
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to feed these secondary mains from a few large trans- 
formers, as shown in Fig. 32. In this case, we have the 
primary mains A, running from the station and feeding 
the large transformers T, 7] as shown. The distributing 
secondary mains are usually arranged on the three-wire sys- 
tem, as indicated at (T, thus allowing a considerable area to 
be supplied from one pair of transformers. The current 
may, however, be distributed by secondary two-wire mains 
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if the lights are close at hand. Scattered customers -nMst, 
of course, be supplied by individual transformers, as in 
Fig. 31. 

The small transformers are usually mounted on the pole 
outside the building to be lighted. Large transformers are 
mounted indoors or in substations. The use of secondary 
mains greatly reduces the number of transformers to be 
kept in repair and otherwise looked after; it also effects a 
considerable saving in power, owing to the higher efficiency 
of the large transformers. Where branch lines, as shown 



Fig, 32. 


at Fig. 31, are taken off the main feeders, main-line cut' 
out boxes /, /' should be installed as indicated. The second- 
ary-main arrangement can generally be used to advantage 
for furnishing light to the business part of a town, while in 
the residence part it is frequently necessary to use individual 
transformers on account of the customers being scattered. 
The above remarks in reference to secondary mains apply 
also to lighting systems using two-phase or three-phase 
distribution, , > 
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66. Two-Fhase System. — This system of distribution 
for incandescent-lighting work has come largely into use, 
not because it is any better than the single-phase system, so 
far as the lighting is concerned, if, in fact, it is as good, but 
because it enables both lights and motors to be operated 
from the same dynamo. The general scheme of distribu- 
tion is the same as that just described for the single-phase 
system. In a two-phase system of this kind, an effort 
should always be made to have the load balanced on the two 
phases, otherwise an uneven distribution of voltage is apt to 
result. Motors may be operated from the same lines as the 
lamps, but it is better practice to have separate feeders to 
supply the motors. 


07* Tliree-Fhaso 8y8tem. — This system was intro- 
duced for the same reason as the two-phase system, i. e., to 
permit the operation of motors. The ordinary three-phase 
system requires only three wires. In a few cases, however, 
where the load is liable to be unbalanced, a common return 
wire is used The transformers may be connected accord- 
ing to any of the methods already described. Where three 
wires are run from the secondaries, the voltage between any 
pair of wires is the same, so that the lamps will burn with 
the same brilliancy across the outside wires as across either 
of the others; in this respect, therefore, it is different from 
an ordinary Edison three-wire system. Also, the voltage 
between any pair of the primary wires is the same, whereas 
in the three-wire, two-phase system, the pressure between 
the two outside wires is about 1.414 times as great as the 
pressure between the middle and either outside wire. 

68. Mixed Systems. — Before leaving the subject of 
constant-potential alternating-current systems, it will be 
well to consider the combined use of > alternating and direct 
current as applied to the distribution of light and power. 
In many large cities, extensive installations on the Edison 
three-wire system have been made in the past for the opera- 
tion of both lights and direct-current motors. These were 
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supplied from stations located as close as possible to the 
centers to be supplied. As the area to be supplied spread, 
and as alternating current became more extensively used for 
power-transmission work, these companies adopted the plan 
of supplying the existing systems with power from sub- 
stations fed from one central station, or perhaps from a 
distant water-power plant 

In order to supply direct current to the distributing 
system, rotary converters may be used, or, as is done in 
some cases, alternating-current motors may be used lo run 
direct-current dynamos. Fig. 33 shows the scheme referred 
to. Alternating current is transmitted from the central 
station at A, usually by means of the three-phase system, to 
the substations or (\ where it is stepped down by means 
of transformers 7\ 7", T. The current may then be sent 
through rotary converters A and fed into a three- wire 
system, as shown, or it may be fed to an alternating-current 
motor M that is coupled to direct-current machines (?, O. 
Very often arc lights are also supplied from these substations 
by coupling the alternating-current motor to arc-light 
dynamos and in other cases the rotary converters may be 
used to feed a street-railway system. 

A large amount of lighting is carried out, especially in 
cities, by using the plan just described. Fig. 34 shows a 
motor-generator set used for transforming from three-phase 
alternating to three-wire direct current. The three-phase 
synchronous motor A receives current from transformers 
after it has been stepped down from the high-tension line 
that transmits it from the central station. The motor 
drives the two direct-current dynamos A and C, which are 
connected in series and supply current to the three-wire 
system. 

For electric-lighting work, it has been found that the use 
of a synchronous motor driving direct-current generators 
gives better results than rotary converters, because the 
former arrangement maintains a steadier voltage on the 
direct-current side, a feature of great importance in con- 
nection with incandescent lighting. If the voltage supplied 
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to the alternating-current side of a rotary varies, the direct- 
current voltage will also vary because there is a fixed ratio 
of transformation between the two voltages. Consequently, 
all the bad effects of drop in the alternating-current trans- 
mission line are felt on the direct-current side, and therefore 
cause fluctuations in the lamps. If, however, synchronous 
motors are used to drive separate direct-current machines, 
the speed of the motor will be constant so long as the speed 
of the distant dynamo is constant, no matter what may be 
the fluctuations in the voltage delivered, because the motor 
is boiind to run in synchronism. Since the voltage of the 
direct-coupled dynamos is constant so long as the speed and 
field excitation remain the same, it is easy to see that the 
use of the motor-generator set will give the better voltage 
regulation. 

69. It will be seen from the preceding that the use of 
constant-potential alternating current of the two-phase or 
three-phase variety allows a great flexibility in the kind of 
apparatus operated from one station. If it is necessary to 
have direct current for any purpose, the transformation is 
easily effected. In general, where rotary transformers or 
alternating-current motors are used, it is desirable to have a 
low frequency, say, about 25 or 40. On the other hand, the 
frequency should not be below 40 cycles per second if the 
current is to be used for lighting. A high frequency calls 
for less expensive transformers, and between all these 
requirements, which are more or less conflicting, a frequency 
of GO has been very generally adopted for systems where 
the current is used both for light and power. Where power 
alone is supplied or where the current is used for operating 
rotary transformers, the frequency may be as low as 25, as 
in the case of the Niagara transmission plant. 

70. IJso of Frequency Clian^irers. — In the last article, 
mention was made of the fact that where rotary convert- 
ers are extensively used it is customary to use a low- 
frequency current at 25 or 40 cycles. It sometimes happens 
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that in connection with such installations a comparatively 
small amount of alternating^ current at a higher frequency 
is required, as the frequency of 25 cycles would be too low to 
operate arc or incandescent lamps in a satisfactory manner. 
High-frequency current may be obtained from low-frequency 
by using a low-frequency motor to drive a high-frequency 
dynamo or by using a frequency cliangreiv 

Fig. 35 shows a frequency changer of a type used in con- 
nection with lighting work. It consists of a synchronous 
motor A direct connected to an induction motor A of 
special design. Motor A is driven by current supplied 
from the armature of />\ The current to be changed is 



led into the stationary field winding of and the high- 
frequency current is taken from the armature of /> by means 
of the collecting rings C, The armature of an induction 
motor always revolves at a slightly lower speed than the 
magnetism set up by the field windings, the difference in 
speed between the armature and the field being known as 
the slip. If the armature were held from turning, the 
frequency of the currents set up in its windings would be 
the same as the frequency of the current in the field; in 
other words, the machine would then be acting like an 
ordinary transformer. As the motor is allowed to run up 
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to speed, the frequency of the armature currents becomes 
slower and slower until the motor runs at a speed only 
slightly lower than that of the field, and the frequency of the 
armature currents drops down to from 2 to 5 per cent, of that 
of the field current, depending on the amount of slip. Now 
suppose that instead of letting the armature run in the 
direction it ordinarily would, we drive it in the opposite 
direction. The effect on the frequency of the currents in 
the armature is then just the opposite, i. e., the fre- 
quency, which is the same as that in the field at stand- 
still, increases as the armature is revolved in the opposite 
direction by means of motor yl. If it were run up to its 
regular speed in the opposite direction, the frequency would 
be just doubled. If it were driven at half the normal speed 
in the opposite direction, the frequency would be made one 
and one-half times as great. For example, if a frequency 
of 40 were to be raised to 60, the armature would be driven 
in the opposite direction at half its ordinary speed. Fre- 
quency changers of this kind are used, among other places, 
in connection with the Brooklyn lighting system, and also at 
Buffalo, where the 25-cycle current from the Niagara plant 
is changed to 02 cycles for use in connection with lighting 
work. 


CONST AXT-CURKET^T SYSTEM. 

71. This method of distribution is used for operating 
incandescent street lights in series and has been used quite 
extensively for that purpose. It allows street lighting to be 
carried out in connection with a regular constant-potential 
lighting plant, and such plants are thereby enabled to under- 
take street lighting with very little expense for station 
apparatus. Of course, street incandescent lamps could be 
operated directly from transformers and, in fact, they often 
are run in this way. As a rule, however, they would be 
scattered too much to be operated economically in parallel, 
and hence the series system was developed for this work. 
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When a number of lamps are connected in series in a 
circuit, the current in that circuit must be kept at the 
same value, no matter how many lamps are in operation. 
The term constant current, as applied to this system, 
implies, therefore, that the current is maintained at a 
constant value and not that the current is a direct or 
continuous one. As mentioned above, such circuits are 
run from constant-potential alternators, a regulator being 
used in each circuit to keep the current at a constant 
value. The series-incandescent system of street lighting 
is especially useful for small plants, where it would not 
pay to install separate arc-light dynamos. The system is 
also used in larger places on streets that are very heavily 
shaded or in alleys or other places where an arc light is 
hardly necessary. 

12. Fig. 36 shows a series of incandescent lamps /, I con- 
nected across an ordinary constant-potential circuit fed by 



the alternator A. Suppose, for example, that the pressure 
generated by the dynamo is 1,000 volts; then if each lamp 
required, say, 20 volts, 50 lamps would have to be run in 
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series in order to take up the full voltage of the dynamo. 
Lamps for use on circuits of this kind are often made for a 
current of amperes and a pressure of 20 volts. Such 
lamps have short, thick filaments, and are generally of the 
shape shown in Fig. 4. Unfortunately, lamps with short, 
thick fjlamc'nts are not nearly as efficient as the ordinary 
50-volt or 110-volt lamp with a long, thin filament. For 
this reason, some of the more recent systems of series-incan- 
descent lighting employ circuits using 50-volt or lOO-volt 
lamps, and use a correspondingly smaller number on each 
circuit. This is the case with the Westinghouse series 
system to be described later. So long as none of the lamps 
burn out, the current in the circuit will remain constant, 
because the line pressure and the resistance of the lamp cir- 
cuit are constant. Pvach lamp must be provided with some 
means fim maintaining the continuity of the circuit in case 
a lamp breaks down, otherwise all the lamps on the circuit 
would be extinguished. (3ne of the most common devices 
for preventing an interruption of the circuit is 
the film cut-out, the principle of which will 
be understood by referring to Fig. 37. This 
shows the under side of a lamp base ; the flat 
spring a is attached to one terminal and is 
separated from the other terminal by the film 
of paper I?. Ordinarily the pressure between 
the lamp terminals is equal to the drop through the lamp 
and is quite small. If, however, the lamp should burn out, 
the current in the circuit ceases flowing for an instant, thus 
causing the pressure between the lamp terminals to at once 
rise to the full pressure of the dynamo, because the current 
becomes zero and the drop in the line and lamps also becomes 
zero. This pressure is more than the film can stand, and 
it is at once punctured, thus allowing a to touch the other 
terminal and maintain the circuit. The film cut-out simply 
maintains the continuity of the circuit without inserting a 
resistance of any kind to take the place of the lamp, and the 
current would, therefore, increase if some means were not 
adopted for regulating it at the station. There are several 
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arrangements designed for this purpose. Two of the most 
common are the Iami)-l)oar<l reg^ulator and the so-called 
C. II. re^^ulator, 

73. The Tjami>-Boar(l lle^iilator, — The principle of 
this regulator will be understood by referring to Fig. 3<S. 
The current is kept at its 
proper value simply by 
cutting in a lamp at the 
station whenever one on 
the circuit burns out. 

This board, on which are 
mounted a number of 
lamps /, /, /, is placed in 
the station, and the extra 
lamps connected in series 
with the line through a 
switch s and an amme- 
ter a. The ammeter in- 
dicates when the current 
is at its proper amount, 
and if a lamp on the line 
goes out, the reading at 
once increases. By mov- 
ing the handle of the 
switch any number of 
lamps desired may be cut 
in and the current main- 
tained at its proper value 
until the lineman is able to go around and replace the 
broken lamps. The figure is only intended to show the 
general principle of the lamp board ; the actual arrangement 
of the parts varies in different cases. 

74. The C. II. Re^?ulator.— -This regulator was brought 
out by the General Electric Company to replace the old 
lamp-board method of regulation. In many cases it is 
desirable to have some kind of regulator that will not only 
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compensate for any lamps that may burn out, but that will 
also allow a wide variation in the voltage applied to the cir- 
cuit. For example, we might wish to run a circuit having 
40 20-volt lamps from a 1,000-volt alternator. The series 
of lamps would only require 40 X 20 = 800 volts, and if the 
lamp board were used, 10 lamps would have to be inserted 
in the station to take up the extra 200 volts, neglecting the 
drop in the line. This would be an expensive and wasteful 
method. 

The C. R. regulator is simply a special kind of trans- 
former that is so made that its secondary voltage may 

be added to or sub- 
tracted from that of 
the dynamo. The 
operation of this reg- 
ulator will be under- 
stood by referring 
to Fig. 39. Two 
coils A B and CD 
are wound on a 1am- 
i n a t e d iron core. 
The coil C D is di- 
vided into a number 
of sections, and con- 
nections are brought 
out to the contact 
blocks a ; h and g are two contact strips in the form of cir- 
cular arcs, h being connected to one end of the lamp circuit 
and g to one end of the coil B, which is also connected to 
one of the primary lines. The other end of the primary 
coil is connected to the circuit and to the other primary 
wire, as shown at A, An ammeter is also included in the 
circuit to show when the current is at its proper value. 
The contact pieces r, f make contact between the circular 
arcs and the coil terminal pieces and are so arranged that 
when a wheel is turned they move towards each other or 
away from each other, as the case may be. They are also 
arranged so that they may move past each other. 
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Suppose that both c and f rest on the same block in the 
center of the dial; then, the current flows from the line 
through the path and the pres- 

sure applied to the lamp circuit is the same as that supplied 
by the alternator. A current will also flow through A 7), 
because this coil is connected directly across the line, just 
like the primary coil of a transformer. This current will set 
up an alternating magnetism around the iron core and an 
electromotive force in the coil CD, If now we connect any 
of the turns of C D in series with the lamp circuit, the pres- 
sure applied to the lamps will be greater or less than the 
dynamo pressure, depending on whether the E. M. F. 
induced in the part oi C D cut in aids or is opposed to the 
E. M. F. of the dynamo. Suppose the regulating wheel to 
be moved so that the contact pieces are in the position 
shown; the current will flow through that part of the 
coil C D included between the contacts c, /*, and we will 
suppose that the connections are such that the E. M. F. 
of this portion of the coil is added to the line. If the 
handle is turned the other way, so that the sliding pieces e 
and f move past each other and thus exchange places, it 
is readily seen that the effect is to make the current pass 
through the portion of the coil between e and f in the 
opposite direction to what it did before; hence, with the 
contacts in this latter position, the line E. M. F. will be 
diminished by the E. M. F. induced in the portion of the 
coil cut in. It follows, then, that with this arrangement, 
the E. M. F. applied to the line may be raised or lowered 
by the E. M. F. supplied to the coil C D, For example, 
in a regulator designed for a circuit of 1,100 volts, the 
adjustable coil is wound for 230 volts and is divided into 
23 sections of 10 volts each. The voltage on the line 
can, therefore, be varied from 1,100 — 230 to 1,100 + 
i. e., from 870 to 1,330 volts. This allows quite a wide 
variation in the number of lamps that can be operated 
on a circuit and gives at the same time a ready means 
of adjusting the current in case a few lamps happen to 
burn out. 
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Fig. 40 shows the general appearance of one of these regu- 
lators. The regulating dial is seen in the center and is so 
arranged that when the wheel is 
turned, one arm moves one direc- 
tion and the other arm in the oppo- 
site direction. The' switch at the 
top of the board serves to disconnect 
the regulator from the circuit and 
dynamo. 

75 . Wcstiii^lioiise Constant- 
Ctirrent Iiieaiidescent Systein. — 

The series-incandescent street-light- 
ing devices used by the Westinghouse 
Company are considerably different 
from the two previously described, in 
regard to the method of compensa- 
ting for burned-out lamps. Ordinary 
50-volt or 1 00- volt lamps are used. 
For example, on a 1,000- volt cir- 
cuit, 20 50-volt or 10 100-volt lamps 
would be connected in series. These 
are prefei'able to the low-voltage 
20-volt lamps, because they are more efficient. Moreover, 
the ordinary 50-volt or 100-volt lamps are cheaper. The 



operation of the Westinghouse device will be understood 
by referring to Fig. 41. Z, Z, Z represent a series of 
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ten 100' volt lamps connected across the 1,000-volt mains 
Across the terminals of each lamp a (X)il r, wound on a 
laminated iron core d, is connected so that the coil is in 
shunt with the lamp under ordinary working conditions. 
If a lamp should break, the current must then pass through 
the coil. As long as the lamp is unbroken, but a very 
small current passes through the shunt coil; just enough 
current will flow to magnetize the coil sufficiently to gen- 
erate a counter E. M. F. of 100 volts. When the lamp 
burns out, the whole current passes through the shunt coil, 
but as the iron in the core is worked at a point near satura- 
tion, the counter E. M. F. rises but slightly over 100 volts, 
although the current through the coil is very much greater 
than it was before the lamp broke. The coil, therefore, 
takes the place of the lamp and introduces into the circuit 
a counter E. M. F. of slightly over 100 volts to take the 
place of the lamp. The current remains about the same 
and the life of the remaining lamps is not endangered. If 
as many as four or five lamps are out at once, the remaining 
lamps become somewhat dim on account of the fact that 
each shunt coil introduces a little higher counter E. M. F. 
than the amount of the drop through the lamp that it 
replaces. All that is necessary to restore the circuit to its 
normal condition is to replace the burned-out lamps. This 
system has the advantage that it 
is automatic in its action, requir- 
ing no attention other than the re- 
placing of old or burned-out lamps. 

It also has the advantage that it 
is not necessary to bring the cir- 
cuit to the station. One end of 
the circuit may be attached to the 
main at any convenient point and 
the other end attached to the other 
main, the only essential being that 
the two ends shall connect to the 
two sides of the circuit. It has 
the disadvantage that if a short circuit occurs on the line^ 
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a number of the shunt coils are liable to be burned out. 
The shunt coils are mounted in cast-iron boxes, which also 
serve for the base of the bracket supporting the lamp. 
Fig. 42 shows the shuut-coil box. The hole a is tapped 



to receive the gas-pipe bracket, as shown in Fig. 43. Street 
incandescent lamps are- usually provided with white enam- 
eled reflectors and are mounted about 10 to 15 feet above 
the ground. 


STJMMAKY. 

76, The methods of distribution described above repre- 
sent those commonly used in practice, and it will be seen 
that the electrical engineer has a large number of methods 
from which to choose when installing a. plant. Just which 
one is best suited to any particular case will be decided 
largely by the amount of the power and the distance over 
which it is to be transmitted. The use of multiphase sys- 
tems is becoming very popular, and they are now very 
common whenever the power is to be transmitted for any 
considerable distance. Either the two-phase or three-phase 
systems are suitable for this work, and there is little choice 
between them. Direct current, using either the two-wire or 
three-wire system, will, no doubt, continue to be used very 
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extensively for isolated plants or for supplying light to 
compact and thickly settled districts; it is simpler for this 
purpose than alternating current, and there is no need of 
using a high pressure under such circumstances, as the 
saving in copper would be more than offset by the addi- 
tional cost of transformers. 


LINE CALCULATIONS. 


TWO-WIRK AKD THREE-WIRE, MRECT-CtJRREXT STSTEMS. 

17. The methods for calculating the size of wire required 
to transmit a given current over a given distance with a 
certain allowable drop are the same as those used for the 
calculation of power-transmission lines, though sometimes 
the formulas are put in a slightly different form so as to be 
more directly applicable to the subject of electric lighting. 


78 . The formula that is most generally applicable is the 
following: 


A = 


21.6 X Dx C 


( 5 .) 


where A = required area of cross-section of wire in circular 
mils ; 

D = distance in feet (one way) to point where current 
is distributed; 

C = current in amperes transmitted; 

c = drop in volts. 

In making line calculations in connection with electric 
lighting, some judgment must be exercised in choosing the 
value of the distance D. This is not the distance to the 
first lamp supplied or the distance to the farthest lamp, but 
the distance to the center of distribution; in other words, 
the distance to the point at which we might imagine all the 
lamps to be grouped. The product of the distance D to the 
center of distribution and the current C is often spoken of 
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as the ampere-feet of the circuit ; hence, we may write the 
rule as follows : 

arm in circular mils required fora two-wire 
circuit is found by multiplying the ampcrc-feet by 21.6 and 
dividing by the drop in volts. 

79 . Center of Distribution. — The distance D to the 
center of distribution will be best understood by taking a 
few cases illustrating the point. Consider a number of 
lamps /, /, Fig. 44, arranged as shown and fed by the 
dynamo A. The distance from the dynamo to the first 
lamp is 1,000 feet, and the lamps are spaced out over a dis- 
tance of 100 feet. The whole of the current would have to 



Fig. 41 

be transmitted through the first 1,000 feet, but from that 
point it would gradually fall off. We may then take the 
point a as the center of distribution, because the load is 
about equally distributed on each side of this point, and the 
distance D used in the formula would be 1,050 feet. 

Take the case shown in Fig. 45, where the lamps are spaced 
evenly all the way along the line. In this case, the center of 



Fig. 45. 


distribution a may be taken as at the middle, and hence the 
distance D is only one-half the length of the line from A to 
B, The exact location of the center of distribution becomes 
more difficult to determine when the load is unevenly spaced 
or distributed, but in most cases it can be located close 
enough for practical purposes by laying out the system and 
noting carefully the loads on the different circuits. 



§16 


ELECTRIC LIGHTING. 


71 


80 . Current Estimation. — The* current can be readily 
determined when the nature of the load is known. The gen- 
eral practice is to allow ^ ampere for each IG-candlepower 
lamp and 1 ampere for a 32-candlepower lamp on 110- volt 
circuits. It might be well to mention at this point that some 
prefer to make calculations for lighting circuits by using 
lainp-fcct instead of ampere-feet. The number of lamp- 
feet is the product of the number of IG-candlepower lamps 
to be supplied and the distance to the center of distribution. 
When this term is used, it always implies the use ot 
IG-candlepower lamps; if any t32-candlepower lamps are 
operated, each lamp must be counted as two 1 G-candlepower, 
etc. If lamp-feet are used, the formula becomes 


A = 


10.8 X DxN 


( 6 .) 


where A = area in circular mils ; 

I) = distance in feet one way to center of distribu- 
tion ; 

N= number of lamps (expressed in terms of IG-can- 
dlepower lamps) ; 

e = drop in volts. 

Rule. — To dctennhie tJic area of cross-section for a two- 
wire 110 -volt circuity multiply the lamp- feet by 10.8 a7id 
divide by the drop in volts. 

81 . This rule is here given because it is frequently used. 
Formula 5 is, however, much to be preferred, because for- 
mula 6 assumes that each lamp takes ^ ampere, and this may 
or may not be the case. Formula 5 is applicable to any 
case because the current is used in it, and this current is 
determined from a knowledge of the devices to be operated. 
The use of these formulas will be understood from the fol 
lowing examples, applying them to the calculations of lines 
for an ordinary two-wire lighting system. We will first 
take the simple case shown in Fig. 44. 

Example 1.— -A dynamo A, Fig. 44, delivers current at 110 volts to 
50 lamps distributed as shown about ^ as a center. The drop must not 
exceed 10 volts. Find the size of wire required. 
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Solution.— The distance to the center of distribution is here 
1.050 feet, as already explained. The current will be 25 amperes, 
because each lamp will take ^ ampere. Using formula 5, we have 

yl - = 56,700 cir. mils. Ans. 

A No. 3 B. & S. wire would likely be used. 

Example 2 —A dynamo A, Fig. 46, supplies' current through the 
feeders b, c to the feeding-in point a. From this point lamps are sup- 
plied by means of the mains d, e and /, The number of 16-candle- 
power lamps and the various distances are shown in the figure The 
total drop in voltage from the dynamo to the last lamps must not 



exceed 15 volts, of which 13 volts is to be in the feeders and 2 volts in 
the mains; required, {li) the cross-section and gauge number of the 
feeders b, c\ {b) the cross-section and nearest gauge number of 
the mains d, e\ (r) the cross-section and nearest gauge number 
of the mains f, g. 

Solution. — 150 lamps will require 75 amperes. 

50 lamps will require 25 amperes. 

Total current 100 amperes. 

(<^?) We arc allowed a drop of 13 volts in the feeders and a drop of 
2 volts in the mains. No current is taken from the feeders at any 
intermediate point; hence, the distance D from the dynamo to the 
center of distribution a will be taken the same as the actual distance, 
i. e., 400 feet. Using formula 5, we have, then, for the feeders 


A = 


21.6 X 400 X 100 
13 


= 66,461 cir. mils. 


This would call for a No. 2 B. & S. wire. Ans. 
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{b) The current in the mains d, c will be 25 amperes. The distance 
from a to the center of distribution will be 200 -f- i = 250 feet, because 
the lamps are spaced evenly along the last 100 feet. The drop in the 
mains is not to exceed 2 volts ; hence, we have 


A = 


21.6 X 250 X 25 
2 


= 67,500 cir. mils. 


Ans. 


This also would call for a No. 2 B. <Sr S. wire. No. 2 B. & S. wire is 
a little smaller than the cross-section called for, but it would probably 
be used, as the increased drop caused by doing so would be very small. 

(0 The current supplied through mains /, ,4^ is 75 amperes. Here 
the load is uniformly distributed along the mains, and the distance to 
the center of distribution is — 65 feet. The drop is 2 volts. We 

have, then, 


A = 


21 6 X 65 X 75 
2 


= 52,650 cir. mils. 


This would call for a No. 3 B. & S. wire. Ans. 

It will be noticed in this example that although the mains carry a 
smaller current over a shorter distance than the feeders, they work out 
about the same size. This is because of the large drop allowed in the 
feeders compared with that in the mains. 

Example 3. — Fig 47 shows a three-wire distributing system. The 
dynamos A, A supply current through feeders to the junction box J. 
From this point mains are carried to the buildings where light is to be 
supplied. In this case, the conductors marked mains are sometimes 
called subfeeders, because they are really branches of the main feeder 
and no branches are taken off between the junction box and the end of 
these lines. In this case, the total drop from the dynamo to the lamps 
is not to exceed 10 per cent, of the lamp voltage, and the pressure at 
the lamps is to be 110 volts, {a) Calculate the size of the feeders C. 
{!)) Calculate the size of the mains I), {c) Calculate the size of the 

mains K. The calculation of the size of wires required for the house 
wiring will not be taken up here, as it belongs to interior wiring and 
we are only concerned for the present with the outside distributing 
wires. The pressure at the dynamo will be 110 -f- HO X .1 = 121 volts. 
Of the total drop of 10 per cent, we will allow 1.5 per cent, in the house 
wiring, 8 5 per cent, in the mains, and the remaining 5 per cent, in the 
feeders, as indicated in the figure. 

Solution. — In calculating the size of the conductors, we will con- 
sider the system as a two-wire system, the pressure between the two 
outside wires at the lamps being 2 X HO -- 220 volts and at the 
dynamo 2 X 121 = 242 volts. We will obtain the size of the outside 
wires, and a neutral wire one-half the size of the outside wires should 
be amply sufficient. The total current supplied may be obtained as 
follows : 
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(a) Each pair of lamps on a 220-volt three-wire system requires 
i ampere; hence, current in line n will be = 25 amperes. Current 
in £ will be = 100 amperes. Total current in the feeders C will be 
125 amperes. The total drop between the outside wires is 242 — 220 
= 22 volts. The drop in the main feeders is to be 5 per cent, of 
the lamp voltage, or 220 X -05 = 11, or 5.5 volts on each side. The dis- 
tance to the center of distribution is 700 feet ; hence, 

^ ^ SI 6 X TOO ^25 ^ (.Jr. mils. Ans. 


This would call for a No. 000 B. & S. wire for the outside wires from the 
dynamo up to the point /. The neutral wire could be made about No. 1. 



{^) The drop in mains I? or £ will be 220 X -035 =7.7 volts. The 
area of mains D will be 


21.6 X 500 X 25 


7.7 


: 35,065 cir. mils. Ans. 


This would require a No. 5 wire, and a No. 8 or 9 would be sufficient 
for the neutral. 

(c) The area of mains £ will be 


A = 


21.6 X 200 X 100 
7.7 


56,104 cir. mils, nearly. Ans. 


A No. 3 B. & S. wire would probably be used for the outside wires 
and a No. 6 for the neutral. 
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CAIiCITLATIOKS FOR ALTERNATING -CURRENT LINES. 

83. A load that consists wholly o£ lamps possesses very 
little self-induction, and for ordinary lighting systems, 
where the distances are short, it is usual to make the calcu- 
lations for lines carrying alternating current in the same 
way as already described for the direct-current system. 
This assumes the power factor to be 1, which is not exactly 
true. If greater accuracy is required, formulas taking into 
consideration the power factor should be used. After the 
primary current has been determined and the distance to 
the center of distribution is known, the size of the primary 
line wire may be worked out. The power supplied over the 
line must be slightly greater than that supplied to the 
lamps, on account of the loss in the transformers. This loss 
will depend, of course, on the efficiency of the transformer; 
some of the older styles had a low efficiency, but very little 
power is wasted in transformers of modern make. Table III 
gives the average efficiency at full load, as attained by good 
transformers. 

TABI.R III. 


EFFICIENCY OF TRANSFORMERS. 


Output. 

Watts. 

Efficiency. 

Per cent 

Output. 

Watts. 

Efficiency. 

Per cent. 

1,000 

94.8 

7,000 

96.80 

2,000 

95.7 

8,000 

96.85 

3,000 

96.2 

9,000 

96.90 

4,000 ! 

96.4 

10,000 

96,95 

5,000 

96.6 

15,000 

97.20 

6,000 j 

96.7 




83. In order to illustrate the calculation of primary 
mains, we will consider the case shown in Fig. 48. 

Example. — Current is supplied to the transformers T by means of 
the primary mains A, B. The voltage at the lamps is to be 104 volts 
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(a common value used in connection with alternating-current lighting 
work). A total of 1,000 16-candlepower lamps is to be operated from 
the secondaries. The voltage at the transformer is to be 2,000 volts at 
full load and the drop in the primary mains 200 volts, thus making the 



voltage at the alternator 2,200 volts at full load. The loss in the sec- 
ondary wiring at full load must not exceed 2 volts, and the lamps 
require 3 5 watts per candlepower. The average efficiency of the trans- 
formers may be taken at 96 per cent. Required the cross-section of the 
primary wires. 

Solution.— Each lamp requires 16 X 3.5 = 56 watts, and 1,000 lamps 
would call for 56,000 watts in the secondary circuit at the lamps The 
total secondary current would be^fjjj*^ amperes, and since there is a 
drop of 2 volts in the secondary wiring, the number of watts lost will be 
‘’tSJ” X 2, and the total watts delivered by the secondary must be 
5o,000 -f- X 2 = 57,077, nearly. The watts delivered to the pri- 

57 077 

maries would be — ~ 59,455, and since the primary voltage of the 

transformers is 2,000, the primary current will be \VoV- = 29 73 amperes, 
nearly. Having determined the primary current, we can now calculate 
the size of the line. The distance in this case is 2 miles, or 10,560 feet, 
and the drop 200 volts. We may now use formula 5, considering the 
problem the same as for a continuous-current circuit. 


A = 


21.6 X 10,560 X 29.73 
200 ■ 


= 33,906, approximately. 


Ans. 


This would call for a No. 5 B. & S. wire. 
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84 . For rough calculations of the primary current on 
1,000-volt and 2,000-volt primary mains, the following 
allowance per lamp may be used : 


TABLE IV. 


CTJRRETSTT ALROWAXCE PER RAMP. 


Candlepower of 
Lamp. 

1,000 Volts 
Primary Pressure. 
Current per Lamp. 

2,000 Volts 
Primary Pressure. 
Current per Lamp. 

10 

.035 

.0175 

16 

.050 

.0250 

32 

.100 

.0500 

50 

.150 

.0750 


For example, if 800 lO-candlepower lamps were operated 
on a 2,000-volt circuit, the primary current would be about 
800 X .025 = 20 amperes. This, of course, does not give the 
current exactly, because to obtain this the efficiency of the 
transformers and the lamps should be known, but it affords 
a ready means of getting at the current approximately 
when preliminary calculations are being made. In many 
cases, the more refined calculations would not change the 
size of the wire in any event, because the wire selected must 
be taken as one of the standard sizes, and this in most cases 
is not the same as the calculated size. 

85. In case the lamps are operated on two-phase or 
three-phase systems, the watts to be supplied by the alter- 
nator can easily be obtained when the watts per lamp and 
the efficiency of the transformers are known. After the 
watts have been determined, the formulas given in Electric 
Transmission, Part 1, may be used to calculate the size of 
the wire. 
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Example. — 1,000 IG-candlepower, 60- watt lamps are to be operated 
on a three-phase system at a point 16,000 feet from the station. The 
voltage at the transformers is to be 2,000, and 10 per cent, of the power 
delivered is to be allowed as loss in the line The transformer efficiency 
is 96 per cent , and 2 jier cent, of the power delivered at the lamps is 
lost in the secondary wiring. Find the necessary cross-section of the 
line wires. 

vSoLUTioN. — Power supplied to lamps = 1,000 X 60 = 60,000 watts. 
Power delivered by secondaries 60,000 + .02 X 60,000 =: 61,200. Power 

61 200 

suiiplied to transformers from primary lines = 62,750 watts. 

Referring to Electric Trajis miss ion. Part 1, we find that the circular 
mils are given by the formula 

Circular mils = X /. 


In this case, j9 = 16,000; = 2,000; 7* — 10. Since this is to be a 

three-phase system and the load consists wholly of lights, the con- 
stant / may be taken as 1,200, 

Hence, 


Circular mils = 


16,000 x 62,750 
10 X ^,000 X J^,o6b ^ 


1,200 = 20,600. 


Ans. 


This is between a No. 5 and a No. 6 B. & S. wire. The No. 5 wire 
would most likely be used. 


8G. When the total watts to be delivered are known, the 
current in the line and the drop in voltage may be estimated 
by means of the formulas given in Electric Transviisston^ 
Part 1. The percentage drop in voltage may be consider- 
ably greater than the percentage loss in power if the lines 
are long and spread a considerable distance apart, because 
under such circumstances the self-induction of the lines 
would have considerable effect. It is customary when 
making calculations with regard to ordinary single-phase 
lighting circuits that are not of great length to use the 
rules given for direct current. This is especially true with 
regard to the secondary distributing system, and in nearly 
all cases will give results sufficiently accurate for practical 
purposes. 
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THE STATION. 

87 . The design of the central station for an electric-light- 
ing plant involves a great many considerations that depend 
on the system of distribution adopted. The choice of the 
system itself, as to whether the direct or alternating current 
should be used, is dependent on the area of the territory to 
be lighted and on the distance betw^een tlie centers of gener- 
ation and distribution. Thus, for small districts in which 
the lighting is dense and in which the central station can 
be placed approximately in the center of the area illuminated, 
the two- wire, direct-current, low-pressure system is the one 
most suitable. It has been found, however, that such a 
system is no longer economical when the mean length of the 
feeders becomes greater than 300 yards. 

By the Edison three-wire system, the distribution of direct- 
current, low-pressure supply may be economically ('onducted 
for a feeder length of from one-half to three-quarters of a 
mile. The five- wire system allows of a mean feeder length 
of one mile. Beyond this distance direct-current systems arc 
too costly, and, therefore, the alternating-current system is 
used. 


88. The Eoeatlon of tlic Oenitral Station. — Since 
nearly all incandescent-lighting stations use the constant- 
potential or parallel system of distribution, the location of 
the station with reference to the district to be supplied is of 
the highest importance and should never be decided on 
until all conditions entering into the problem have been 
carefully weighed ; for when this system is used the question 
of conducting heavy currents makes the cost of the con- 
ductor a figure that must be kept as low as possible, and 
this can only be attained by making all distances as short as 
possible. This would mean that the central station should 
be placed in the center of the system to be served. Very 
often it is found that, owing to the questions of coal and 
water supply, the price of real estate, or other local con- 
ditions, the central station cannot be placed in the center 
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of the system, and that the loss in conductor copper is offset 
by other advantages. These are points that the designing 
engineer considers after studying the map of the area to be 
served and the estimates of the probable supply. 

In general, however, it will be observed that the cen- 
tral station in parallel distribution forms very nearly the 
electrical center of gravity of the system. The present 
tendency in large cities seems to be towards the consoli- 
dation of the generating plant in one large central station 
located at some point where the fuel and water supply is 
good. This is the natural outcome of high-tension transmis- 
sion. These stations are provided with alternators of large 
output that supply current at high pressure to various sub- 
stations located near the points of distribution. Ey utilizing 
this high-pressure transmission scheme, it becomes unneces- 
sary to have the plant located near the point where the current 
is used. Such an arrangement involves more complication 
than where the current is supplied directly from the gener- 
ating station, but for large cities it is, nevertheless, found to 
be advantageous. 

89 . Tlie Boilers. — The greatest demand for current 
from a central station supplying lighting circuits occurs at 
stated hours, during which time the boilers are usually 
called upon for their full steam capacity. Before and after 
this time the demand for current is very much less, and the 
boilers are, therefore, not often worked to their full capacity. 
Unless they are used continuously, it is evident that the 
lighting and firing up of the several boilers for only short 
periods during the evening produces an immense waste of 
heat from radiation and conduction, which takes place as 
they cool down after having been thrown out of use. wSuch 
losses are, of course, increased when there are larger masses 
of brickwork in direct contact with the fuel which must be 
heated up. For this reason, internally fired boilers, such as 
the marine boilers or the Lancashire type, are often used, 
though the latter has the objectionable feature of requiring 
much floor space. Owing to this cause, water-tube boilers, 
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of which the well-known Babcock & Wilcox is a good example, 
are very generally used in electric-lighting stations. 

90 . Tlie Engines. — In the selection of engines, the 
choice lies between direct-coupled engines and those driving 
dynamos by belting or rope gear. 

The engine built for direct coupling to dynamos must 
necessarily have the speed required to run the dynamo. 
This speed is a relatively high one for engines, even where 
the dynamo is very large, and until quite recently such 
engines were not numerous. At present, however, high- 
speed engines of high grade are much used, and the modern 
central station is mainly equipped with direct-coupled 
machines. These are particularly adapted to stations where 
space is limited. Where this is not the case, many plants 
drive their dynamos in groups, cither from the engine fly- 
wheel or by means of belting. 


BYIS'AMOS FOR mCANI>ESCE]MT EIGIITI^STG. 

91 . The type of dynamo used for operating a lighting 
system will depend on the method of distribution adopted. 
The construction of the dynamo will also depend to some 
extent on the method used for driving it; i. e., on whether 
it is driven by means of a belt or coupled directly to the 
steam engine or waterwheel. We will consider, briefly, a 
few of the different types used in order to point out some of 
their distinguishing features 


DinECT-CUKUElS^T I>YNAMOS. 

92 . Belt-Driven Dynamos. — Dynamos used for oper- 
ating incandescent lamps on the two-wire or three-wire 
systems are almost invariably compound-wound. Shunt- 
wound machines were used some years ago for this purpose, 
but the compound- wound machine is much better, since it 
keeps the voltage at the right value automatically. Usually 
the n^achines are overcompounded, so as to give a rise in 
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voltage from no load to full load corresponding to the drop 
in the line, and thus keeping the pressure at the lamps con- 




uW 








M' 





slant. Modern dynamos used for this purpose are nearly 
always of the multipolar type. Two-pole machines wer^ 
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formerly much used, but these have given place to the mul- 
tipolar type. All the dynamos used for any kind of work 
may be divided into two classes, according to the method 
used for driving them, i. e., belt tlriven and direct con- 
nected. 

Fig. 49 shows a Wood eight-pole compound-wound dynamo 
as used for lighting on a llO-volt, two-wire system, or 
110-220-volt, three-wire system. This machine is mounted 
on rails A, so that the tension of the belt may be*, adjusted 
by sliding the machine by means of the ratchets 1\ T. The 
magnet yoke A is circular and is provided with eight 
inwardly projecting poles, each of whi('h is j^rovided with a 
field spool B. Each of these spools is provided with two 
windings: a sliunt winding, consisting of comparatively fine 
wire, and a series winding, usually of copper stri[) or heavy 
wire, capable carrying the whole current furnished by 
the machine. One terminal of the machine is shown at r, 
and the other is on the opposite side of the pedestal. From 
these two terminals the positive and negative leads are 
carried to the switchboard. The connections for the shunt 
winding and the shunt-field rheostat are made by means of 
the small terminals .v. AVhen two nr more machines are 
run in multiple, a third main connection is led from the ter- 
minal £ to the equalizing bar on the switchboard. The 
machine shown has a capacity of 260 kilowatts, runs at 
500 revolutions per minuter, and weighs a little over 9 tons 
complete. Belt-driven machines are smaller and cheaper 
for the same output than direct-connected machines, because 
they run at a higher speed. Notwithstanding this fact, the 
direct-connected type is becoming very popular, espetaally 
in places where economy of space and compact arrangement 
are desired. 

93 . Direct-Connected Dynamos. ^ — By using direct- 
driven machines, all wear and tear on belts is avoided and 
a large saving in space effected, b ig. 50 shows a com- 
pound-wound dynamo made by the Fort Wayne Electric 
Works direct connected to a high-speed engine, and is a 
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typical example of a multipolar direct-driven set. Such a 
combination is largely used for isolated plants and also for 
central stations of moderate size. For larger stations it is 
customary to use slow-speed engines of the Corliss type 
direct connected to large multipolar dynamos. The dynamo, 
Fig. 50, is mounted upon an extension bedplate A provided 
with an outboard bearing 7)1 This machine is compound- 
wound, a' being the leads connecting to the terminals of 
the series coils; C and I) are the mains running to the 
switchboard ; the leads from the brushes are attached to the 
connection boards, one of Avhich is shown at F, The termi- 
nal for the equalizing wire is shown at G, The small 
leads h' are connected to the shunt winding and are led 
to the switchboard so that the field rheostat may be con- 
nected in series with the shunt field. The hand wheels 
shown at IV are for adjusting the brushes to the non- 
sparking point and clam[)ing them in position. Nearly all 
modern dynamos use carbon l)rush(*s, exc'e])t, perhaps, a few 
madiines where the voltage is low and the current corre- 
spondingly large. In order to use carbon brushes without 
overheating at the commutator, it is necessary to allow 
ample contact surface between brushes and commutator. 
Usually about 1 square inch of brush contact surface is 
necessary for every 30 to 40 amperes collected, and in the 
case of low- tension incandescent-lighting dynamos this calls 
for a large commutator. Notwithstanding the fact that 
carbon brushes require a much larger and more expensive 
commutator than copper brushes, they operate so much 
better that the increased first cost is warranted. The 
carbon brushes run with much less sparking and do not cut 
the commutator, as copper brushes are apt to do, unless 
they are very carefully looked after. Most incandescent 
dynamos have bar-wound armatures, i. e., the conductors 
on the armatures are in the shape of copper bars rather than 
wires, because a large cross-section of conductor is necessary 
in order to carry the current. The ends of these bars lead- 
ing to the commutator arc seen at J/, Fig. 50. I he 
machine here shown has a capacity 'of *75 kilowatts and runs 
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at a speed of 275 revolutions per minute. The speed of the 
larger sizes of direct-connected machine is correspondingly 
lower, and in case they are direct connected to large, slow- 
speed Corliss engines, the speed is usually from 75 to 
100 revolutions per minute. 


ALTERNATING-OIIRRENT BYNAMOS. 

94 . Alternators may be constructed with either the arma- 
ture or field as the revolving member, or they may be made 
without any revolving wire whatever, the only revolving 
part being a mass of iron, called an iiiduetor. We may 
have, then, a comparatively large number of different types 
of alternators to choose from as compared with direct- 
current machines. When alternating current first came 
into use for lighting work, machines with revolving arma- 
ture and stationary field were the only kind used, and these 
machines were almost invariably belt driven. The fre- 
quency employed was usually from 125 to 133 cycles per 
second, and the machines were often provided with a com- 
pound winding supplied through a rectifier. Practically 
all the alternators in use are wound to give a constant 
potential. The- shunt winding of the ordinary compound- 
wound continuous-current dynamo is replaced by a sepa- 
rately excited winding, which is supplied from a small 
direct-current exciter. Again, the variety of alternators is 
increased by the various number of phases that are in com- 
mon use. 

95 . Belt-Driven Alternators.— Fig. 51 shows a typical 
belt-driven alternator as used for lighting work. This par- 
ticular machine is of the Wood type made by the Fort 
Wayne Electric Works, and it illustrates the general charac- 
teristics of a type of machine that has been and still is 
largely used for incandescent-lighting work. The Westing- 
house and General Electric alternators of this class are very 
similar in general appearance to the one shown. This is a 
single-phase machine of 150 kilowatts capacity delivering 
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current at 60 cycles per second. The alternator is pro- 
vided with only two collector rings r, r because it gener* 
ates single-phase current. Each ring is provided with a 
brush r. The rectifier is shown at ;//, and by means of it 
the current sent through the series field winding is made 
unidirectional; h is a pair of the rectifier brushes and 
there is a similar pair, not shown, on the opposite side of 
the rectifier. One of the leads connecting to the series field 
is shown at /, and there is a similar one on the other side of 
the machine. The terminals of the armature winding lead- 
ing to the collector rings and rectifier are shown at n. 
The terminals of the machine are /, and from these the 
main wires are led to the switchboard. The two leads o' 
lead from the terminals of the series coil to the shunt 
used in connection with the compound coils. This .shunt is 
housed in the bearing pedestal. The exciter is here shown 
belted to a pulley on the end of the alternator armature 
shaft. In many cases the exciter is driven se])arately. The 
binding posts /, /' arc the terminals of the separately 
excited field coils. The whole machine is mounted on rails 
so that the tension on the belt may be adjusted. The ordi- 
nary incandescent-lighting alternator of the type shown is 
usually wound for cither 1,100 volts or 2,200 volts, as these 
pressures are high enough for economical distribution unless 
the distances are longer than are usually met with in the 
common run of towns or medium-sized cities. 

96 . Fig. 52 shows a General Electric alternator of the 
revolving-field belt-driven type. This machine is of 300 kilo- 
watts capacity and is wound to deliver three-phase cur- 
rents at a frequency of 60 cycles. The revolving field is 
seen at A, but a better idea as to the construction of the 
machine will be obtained by referring to Fig. 53. The 
revolving field consists of a steel ring B supported by the 
spider c c. The ring B carries the laminated pole pieces />, 
which are dovetailed into the ring as shown at c. In the 
larger machines the pole pieces are bolted to the ring. Each 
pole piece is provided with a field coil which, in the larger 
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machine with two slots *to each pole) are held in grooves 
around the inner periphery of the laminated core as shown, 



and this core is supported by the casting- /., also shown in 
Fig. 52, attached to the base of the machine. The terminals 
of the stationary winding are shown at M, Fig. 53. The 


Fig. 


§ 16 ELECTRIC LIGHTINCx. 91 

whole armature structure is arranj 2 :ed so that it may be 
slid along on the base so as to give access to the field and 
armature coils. 

97 . Inductor Alternator. — Some makers have gone a 
step further and construct alternators without any moving 
wire whatever. These machines are of the inductor type, so 
called because both the armature and field-exciting coils are 
stationary and the magnetism passing through the armature 
coils is made to vary by revolving a mass of iron called an 
inductor. One of the most widely used of th(‘se types is the 
Stanley machine. These are made for several (ftTcTent 
outputs and Fig. 51 represents one of the larger sizes. In 
this view the two halves yl, A of the stationary armature 
are shown drawn back so as to allow access to the coils. 
When the machine is in operation, these halves are bolted 
together by means of bolts passing through the lugs a. 
The machine is double, there being two laminated cores r, r, 
In the slots of which the coils (/, c are mounted (see also 
Fig. 55). It will be noticed that the coils marked d are 
placed midway between those marked c, one set of coils over- 
lapping the latter. The result of this arrangement is that 
when half the conductors of one set of coils is directly under 
the poles, the conductors of the other set are out from under 
the poles; hence, when the current in one set is at its maxi- 
mum value, the current in the other set is at its minimum 
value, thus making this particular machine deliver two cur- 
I'ents that differ in phase by The machines can also be 

built to supply single-phase or three-phase currents, if desired. 
The revolving inductor is shown at /, Fig. 54, surrounded 
by the magnetizing coil Jll. All the polar projections p on 
one side of the coil are of the same polarity, and there is a 
similar set of opposite polarity on the other side of the coil. 
The construction will be understood by referring to Fig. 55, 
which shows an end view and section of a large Stanley 
machine, the different parts being lettered to correspond 
with those shown in Fig. 54. The holes/", /'in the armature- 
core stampings receive heavy iron bars that serve to hold 
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the core together and also to carry the magnetism. The 
path of the magnetic flux is indicated by the dotted line 
and when the inductor revolves, the lines of force 
sweep across the stationary coils and thus set up the required 
E. M. F. This machine has the advantage of having no 
moving wire about it, but machines of the revolving-field 
type, such as shown in Fig. 52, have the advantage of using 



small field coils that are easily repaired or replaced in case 
anything goes wrong with them. A number of other types 
of inductor alternator are in use. The Westinghouse 
machine of this type is similar to the one just described and 
operates on the same principle, the chief difference being 
that there is only one armature instead of two, i. e., the 
double construction shown in Fig. 55 is not used. The same 
is true with regard to the Warren alternator. 


98. Birect-Ccmueetcd Alternators. — Alternators di- 
rect connected to waterwheels or steam engines are now 
quite common in connection with electric-lighting work. 
Their construction is essentially the same as that of belted 
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machines. Direct-connected alternators run at a lower 
speed than the belt-driven machines, hence, for a given fre- 
quency, they must have a larger number of poles. In order 
to make room for these, the machine must be large in diam- 
eter and, consequently, correspondingly narrow in the direc- 
tion parallel to the shaft. Fig. 56 shows an alternator 



Fig. 56. 


designed for direct connection to a waterwheel running 
150 revolutions per minute. This machine is of 650 kilo- 
watts capacity and is a good example of the revolving-arma- 
ture and stationary-field type. 


94 


ELECTRIC LIGHTING. 


16 


99 . General Remarks. — From the foregoing it will be 
seen that for a given installation there is a wide variety of 
generating apparatus from which to choose. The question 
as to whether alternating or direct current shall be used is, 
in most cases, decided by the distance over which the 
current is to be transmitted; and the question as to whether 
direct-connected or belted machines shall be used depends 
on the question of first cost and the space available. 
Direct-connected machines cost somewhat more than belted 
ones of the same output, but, as the first cost and wear and 
tear on belts is done away with, and as the wear on the slow- 
speed machine is small, it may prove that the more expensive 
direct-connected machine is the cheaper in the long run. 
Again, in places where space is valuable it may be almost 
absolutely necessary to use direct-connected units. This is 
very frequently the case in city-lighting plants and in iso- 
lated plants in large buildings. In making the choice of a 
dynamo, then, for any particular plant, it is important that 
the surrounding conditions be taken into careful considera- 
tion, so that th(i machine that will do its work most effi- 
ciently and with the least expense for maintenance will be 
selected. The tendency is strongly towards the use of direct- 
connected machines. 
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STATIOI^ Al^PLIAI^CES. 

I. In addition to the dynamo, the ecRiipment of an 
incandescentdighting station comprises a number of appli- 
ances that are necessary for the operation of the station. 
These instruments are intended for the control or protection 
of the various machines and circuits, and they are usually 
grouped together and connected up on the switeliboarcl. 
The arrangement and construction of the switchboard itself 
will be taken up later; for the prCvSent, we will consider 
briefly some of the more important appliances themselves. 

' The kind of instruments used in connection with the 
operation of the plant will depend, to a great extent, on 
whether direct or alternating current is used, and on whether 
this current is supplied at high pressure or low pressure. 
The appliances suitable for a 110-volt direct-current installa- 
tion would not be suitable for a 2,000-volt alternating-cur' 
rent system. Among the more important station appliances 
to be considered are the following: szvitchcs^ bus-bars^ 
voltmeters and ammeters^ circuit-breakers^ rheostats, 

ground detectors, and lightning arresters. 


SWITCHES ANI> ItUS-BARS. 

2. Xiow-Teiision 8wltclies. — Switches are used to dis- 
connect a circuit or dynamo whenever desired. If the cur- 
rent to be handled is large, the switch must be of massive 
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construction. For ordinary Avork, where the pressure does 
not exceed 200 or 300 volts, plain knife switches are used. 
Fig. 1 shows a typical two-pole knife switch. Most of these 
switches are mounted directly on the slate or marble of 
which the switchboard is constructed, and connections are 
made to them by means of studs running through to the 
back. When the switch is opened, connection is broken 
between the clips 1 and S and ^ thus opening both sides 




of the circuit. Knife switches should be substantially con- 
structed and should have a contact surface at the clips of 
at least 1 square inch for every 80 to 100 amperes. The 
blades should l)e made of good conducting material, prefer- 
ably of drawn copper, and the clips should be stiff enough 
to give a good, firm contact. A brass rich in copper is fre- 
quently used for such switches, but if this is done, the 
switches should be made to give a larger contact surface 
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than if pure copper blades were used. For pure copper, 
the blades should have a cross-sectional area of about 
1 square inch for every LOOO amperes carried. Fi^^ shows 
a front-connected switch 
provided with fuses y, f\ 
and Fig. 3 shows a triple- 
pole switch as mounted 
on a switchboard and 
arranged for back con- 
nection. This last style 
is often used where com- 
pound dynamos are oper- 
ated in multiple, the 
middle blade making the 
connection to the equali- 
zing bar. T r i p 1 e - p o 1 e 
switches are also used in 
connection with three- 
phase installations. Knife 
switches should always be mounted with the handle uj), so 
that the blades are swung down in order to open the 
switch. This is done in accordance with a rule of the Fire 
Underwriters, which requires switches to be so placed that 
when opened they will not tend to fall closed of their own 
accord, but will, on the contrary, tend to remain o])(‘n. All 
switch bases should lie of incombustible material, such as 
marble, slate, or porcelain. 

;i. Iligli-Teiision Hwitelies. — These switches are used 
in connection with alternating-current work where the pres- 
sure is high and Avhere ordinary switches would not be 
capable of breaking the arc. A great many types of high- 
tension switches have been introduced, and their design 
depends to a large extent on the voltages to be handled. 
Figs. 4 and 5 show a style of quick-break switch that has 
proved very successful both in lighting and stieet-railway 
work. It is simple in construction, breaks the arc very 
quickly, and operates well on circuits where the pressure 
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does not exceed about 3,000 volts. The figures show the 
single-pole type, but it is made also for two or three poles, 
as may be desired. Fig. 4 shows the switch closed and 
Fig. 5 shows it partly opened. The switch blade, which is 



of drawn copper, is made^ in halves A, B, which are con- 
nected by two springs r, one on each side of the blade. 
When the handle is pulled out, the half /I leaves the clip E 



and thus stretches the springs. When the bottom blade 
flies out, it leaves clip h very quickly, owing to the action 
of the springs, thus drawing out the arc and breaking it 
almost instantaneously. The main switch on the board 
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shown in Fig. 60 is very similar in principle. When the 
blade is pulled out, a follower maintains contact until the 
blade has been pulled back a considerable distance, when it 
flies back and thus breaks the arc. When knife switches 
are used on high-tension boards, it is a common pradice to 
separate the blades by marble barriers, as shown in hhg. (>0, 
in order to prevent the arc jumping from one blade to the 
other. 


4 . Fig. 6 shows the same style switch as Fig. 4, but 
it is mounted so as to be capable of handling higher pres- 
sures. The switch is constructed 
so as to give a long, quick break, 
and is mounted on insulators i, 
i!?, Jj.. These are made of hard 
rubber or similar material and 
are grooved so as to make the 
leakage path from the switch parts 
to the panel as long as possible. 

This insulating material passes 
through the panel, so that in no 
place does the metal switch stud 
come in contact with the marble. 

This is a necessary precaution in 
cases where very high pressures 
are handled, because the marble 
cannot be depended on to give 
good enough insulation. The blades y?, J) are arranged as 
described in connection with Fig. 4, cxc ejit that lilade A 
has a hole in the end instead of a handle. Ihe switch is 
pulled open by means of a hook in the end of a handle about 
3 feet long, thus allowing the attendant to stand back some 
distance and avoid the dangcT of his being burned by the 
arc. To avoid arcing from one switch to the next, marble 
barriers C are mounted at right angles to the main part of 
the board. Each switch is thus placed in a cell by itself, 
and arcing across from one switch to its neighbor cannot 
take place. 





j. 
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5 , The Westinghouse Company make use of a high- 
tension switch in which the terminals are mounted at each 
end of a porcelain cylinder. A copper rod or plunger 
passes through these contacts or bushings and completes 
the circuit. When the plunger is withdrawn, the arc is 
formed in the confined space between the bushings. A small 
outlet is provided in the side of the tube, and when the arc 
is formed, the blast caused by the sudden expansion of the 



Fig. 7. 


air in the confined space, together with the cooling action 
of the porcelain walls, extinguishes the arc. If the pressure 
to be handled is very high, a number of these cylinders are 
connected in series, thus producing a long break. Fig. 7 {a) 
and {/?) shows a switch of the plunger type that is intended 
for a two-phase dynamo or circuit. This switch gives a 
double-pole double break in each phase. The cylinders 7, 
Sj etc. and plungers 1', 2\ S' are mounted on the back of 
the board and are operated by a lever L on the front. The 
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switch must accommodate 4 dynamo wires and 4 line wires, 
hence there are <S cylinders, thus j^ivinj^ a double break in 
each line. The path of the current will be understood by 
referring to the arrows. In the figure the switch is shown 
thrown out, but when the plunger is in, bushings a and 
r and d are connected together, and the path of the current 
is a-h-c-d-c to line. When the plunger is withdrawn the 
arc is broken between a and c and d, 

0 . When large currents at high pressures are to be han- 
dled, the General Electric Company uses switches in which 
the arc is broken underod. It has hcvn found that a com- 
paratively short break is suffudcnt under such circumstances, 
because as soon as the arc is formed the od rushes into the 
gap and extingidshes it. Switches op(‘ratiiig on this princi- 
ple are in use in a number of the larger installations Most 
of the larger sizes are operated by air pressure or a small 
electric motor, though in some cases they are arranged for 
hand control. 

7. The variety of switc'hes made is very large, and in 
selecting them for any special line of work the main jioints 
to look out for are, first, to see that the switch is capable of 
carrying the current without overheating or arcing when 
the circuit is broken; and, sec'ond, to see that it is substan- 
tially constructed. Switches on lighting boards are open 
and closed quite frequently, owing to changing fiver the cir- 
cuits and dynamos. If these switches are not strongly built, 
they will be continually working loose and giving trouble, 
hence the importance of paying close attention to the 
mechanic'al construction. 

* 8. 15iis-Bars. — On high-tension, alternating-current 
switchboards, the bus-bars do not need to be very heavy, 
but on low-tension boards, where several hundred or, per- 
haps, thousand amperes are handled, they must have a large 
cross-section. They should have a cross-section f)f at least 
1 square inch per thousand amperes carried and should be 
arranged so that the heat generated in them may be readily 
radiated. They should always be substantially mounted 
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on the back of the switchboard and should be very carefully 
insulated. This last precaution is specially necessary in 
plants where the pressure between the bus-bars is high. 
The bars are usually of flat rectangular cross-section, and if 
an unusually large carrying capacity is needed, a number of 
th'jse bars are built up together with air spaces between 



them to allow ventilation. Round bars are sometimes used, 
but they are not as common as the flat bars. For alterna- 
ting-current bus-bars of large cap^icity, copper tubes are 
sometimes used, because, when an alternating current is 
sent through a heavy conductor, it is found that the current 
flows for the most part in the outside portion of the con- 



ductor. The method of building up 
bars out of thin strips, with air spaces 
between, is used also for alternating-cur- 
rent boards where a large volume of cur- 
rent is to be handled. The bus-bars are 
usually connected to the dynamo and 
feeder switches, either by means of cop- 


per strips, as shown in Fig. 8, or by 
means of cables provided with terminals, as shown in Fig. 9. 
All these connecting pieces should have a cross-section of 


not less than 1 square inch per 1,000 amperes. 
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AMMETEIW AXl) VOLTMETEHS. 

9. It is necessary to use ammeters in order that the cur- 
rent supplied by any dynamo or feeder may be seen at a 
glance. Voltmeters must be used in order that the pres- 
sure on the dynamo or feeders may be determined. It is 
usually the custom to equip each dynamo with an ammeter, 
or, in the case of multiphase machines, with one or more 
ammeters. In many cases, each feeder is also provided with 
an ammeter, S(^ that the current supplied to any jiarticular 
part of the system may be determined. Feeder ammeters 
are, however, not always considered essential, and, as a rule, 
one or two voltmeters are sufficient for most installations. 
It is unnecessary to go to the expense of installing a volt- 
meter for each machine or feeder, because a switch or series 
of plug connections can easily be provided, by means of 
which the voltmeter may be connected to any dynamo or 
circuit in order to obtain a reading. Ammeters and volt- 
meters are generally very similar in construction, the main 
difference being that the ammeter is of low resistance and is 
connected in series in the circuit; whereas, the voltmeter is 
of high resistance and is connected across the circuit. 
Some kinds of meters will operate with either direct or alter- 
nating current; others Avill work on direct current only. 
Most of the instruments in use are electromagnetic in 
principle. 

10. Weston Ammeters and Voltmet^n’s. — The Weston 
instruments arc probably more widely used on switchboards 
than any others intended for direct current. Weston amme- 
ters and voltmeters of the direct-current type should never be 
connected upon alternating-current circuits. A swinging 
coil r. Fig. 10, is mounted so as to swing between the pole 
pieces N, S of a permanent magnet: Current is led into 
the coil by means of the spiral springs .y, /, which also serve 
to counterbalance the movement of the coil. When a cur- 
rent flows through the coil, it reacts on the magnetic field, 
and causes it to swing around like the armature of an elec- 
tric motor. It is evident that if an alternating* current were 
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sent through the instrument, the coil would tend to swing 
first in one direction and then in the other, so that no deflec- 
tion would result. The switchboard, Fig. 5G, shows the type 



Fu; 10. 


of Weston instruments used' for switchboard work. The 


voltmeter V and ammeter jW are mounted in iron cases, 



Fig. 11. 


and the dial is ruled 
on opal glass, which 
is illuminated from 
behind by means of 
incandescent lam ps. 
The cheaper style, or 
‘‘round type,” with- 
out illuminated dials, 
is shown by the am- 
meters a. The volt- 
meters have a high-re- 
sistance coil mounted 
in the case and con- 
nected in series with 
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the swinging coil. In the case of the ammeter, it is not 
possible to send all the current through the coil, so only a 
small proportion of it is used; the remainder i)asses through 
the ammeter shunt. The ammeter shunt shown in Fig. 11 
is a very low resistance, which is connected in series in 
the circuit the current in which is to be measured. For 


example, suppose the dynamo Fig. 12, su])plies current to 
the bus-bars/:?, (\ and we wish to connect an ammeter so as 


to measure the current 
supplied by the dynamo. 
The ammeter shunt wS' 
would be connected in 
series, as shown, and two 
small wires 1, 2 taken 
from the terminals of the 
shunt to the ammeter M, 



The result of this 


Fig. 12. 


arrangement is that only a small portion of the current 
passes through the instrument. But as the resistance of 
the shunt and ammeter is fixed with regard to eacdi other. 


it follows that the current through the ammeter will always 


be a fixed proportion of that in the main eirc'uit, and the 
scale may be marked so as to read the main (uirrent and 
not the current actually flowing through the meter. I he 


use of a shunt is of great convenience, becxiuse it does away 
with the necessity of running heavy ('onncctions to the 
meter itself. The shun^t may be placed at any convenient 
point, and it is an easy matter to run the light flexible con- 
nections from it. It may be well to state here that the 
small connecting ('ablcs running from the shunt to the 
instrument are sent out with the shunt fl hey are usually 
made long enough to reach any reasonable distaiu'e on the 
switchboard. They should on no account be altered in 
length; if they are too long, they should be coiled up out of 
the way; if too short, another shunt with long leads with 
its corresponding instrument should be obtained. 

Fig. 11 shows the ordinary type of shunt used. It con- 
sists of the two terminals a, a connected together by the flat 
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strips which are made of an alloy that has practically a 
constant resistance regardless of temperature changes; c^c 
are the small flexible cables that run to the ammeter. 

The shunts and instruments are always numbered to cor- 
respond, and care should be taken to see that these numbers 
match before connecting up the instruments. Many other 
makes of instrument other than the Weston are used in 
connection with shunts. 



Fig. 13. 


1 1 . AltcrnatiTifjr-Current AinineteT-s and Voltmeters. 
Most of the switchboard ammeters and voltmeters for 
alternating current consist of a coil arranged so that the 
magnetic field set up through it will act on a piece of iron. 
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the movements of which actuate a pointer. Various modifi- 
cations of this coil-and-plunger type are in common use. 
For example, in the earlier type of Westinghouse instru^ 
ments, Fig. 13, a vertical coil A is arranged so as to draw 
an iron core T into it. This core is hung on one end of a 
balance arm to which the pointer JV is attached, and a 
counterweight JV is hung from the other end. In the later 
instruments, the current is sent through a coil, and the 
magnetic field produced defle(‘ts a small iron vane placed 
within it. Fig. 14 illustrates the principle of a type of 
instrument that has been largely used by the General Elec- 
tric Company, both for alternating and direct current. It 
is known as the Thomson inclined-coil pattern. The coil c. 



through which the current flows, is mounted on an angle, as 
shown. A vertical shaft passes through the coil, and on it 
is mounted a small iron vane v. This vane is mounted 
at an angle to the shaft, and when the hand is at the zero 
position, the vane lies at an angle to the lines of force that, 
when a current flows, thread through the coil as shown by 
the arrows. As soon as a field is set up through the coil, 
the vane swings around so that it tends to lie parallel to the 
lines of force, as indicated by the dotted lines , thus giving 
a reading on the scale S. The movement of the needle is 
controlled by means of the springs a, a . I he instruments 
shown on the alternating-current switchboard, Fig. 00, are 
of this type. 
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13, Potential Transformers. — It is not usual to con- 
nect voltmeters of the ordinary type directly across the line 
on alternating-current boards, because 
the pressure is so great that a voltmeter 
would have to have an exceedingly high 
resistance to permit its being so con- 
nected. Of course, if the pressure were 
low they could be connected in the 
ordinary way. In case the pressure is 
high, a small potential transformer is 
used to step down the voltage. Fig. 15 shows a transformer 
of this kind. It is generally mounted on the back of the 
switchboard ; its primary 
coil is connected to the line 
and its secondary to the 
voltmeter, as shown in 
Fig. 1(). It is bad practice 
to run switchboard lamps 
from the potential trans- 
former, because, as a rule, 
the transformer does not 
have sufficient capacity fo! 
this purpose, and, besides, 
it is liable to interfere seriously with the accuracy of the 
voltmeter readings. The voltmeters are usually graduated 
to read the secondary voltage, as this is what is generally 
required. In some cases, however, they are graduated so as 
to read the primary voltage. 




1,3. Current Transformei-s. — Alternating-current am- 
meters are in most cases connected directly in circuit. 

Shunts cannot, as a rule, 
be UvSed with alternating- 
current ammeters, be- 
cause, on account of the 
self-induction of the coil 
in the instrument, the cur- 
rent will not divide proportionally. Generally, the current 
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to be handled on an alternating-current board is compara- 
tively small, because the pressures used are high and there 
is no great difficulty in running the main wire directly 
through the instrument, as 
shown in Fig. 17. If, how- 
ever, the current is large, 
or, what is often the case, 
if the generator pressure 
is so high that it is not 
desirable to have the main 
wires in contact with the 
instrument in any way, a current transformer is inserted 
in the circuit, as shown in Fig. 18. This is a small trans- 
former, of which the primary coil P consists of a few turns 
of heavy conductor sufficiently large to carry the whole cur- 
rent. In some cases, where the current is very large, there 
may be only a fraction of a turn. The secondary .V is of small 
wire and consists of a comparatively large number of turns. 
The secondary is connected to the ammeter, and as the 
current increases in the primary, it causes a proportional 
increase in the current through the ammeter. The ammeter 
may thus be calibrated so as to indicate the main current, 
though the main current does not actually i)ass through it, 
and it is at the same time entirely disconnected from the 
high-pressure dynamo leads. 

14 . Electrostatic Voltmetcr-s. — There is one kind of 
voltmeter that is sometimes used, especially for high-pres- 
sure alternating-current work, that differs considerably from 
the instruments so far described, both as to its construction 
and principle of operation. This is the electrostatic volt- 
meter. It depends for its action on the principle that two 
bodies carrying similar static charges repel each other and 
those carrying unlike charges attract each other, big. 19 
shows the construction of the vStanley electrostatic volt- 
meter. P, B and C, C are fixed plates mounted on a hard- 
rubber base. These plates are covered with a hard-rubber 
covering H to prevent the charge from leaking off, also to 
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obviate any danger of short-circuiting between the vanes. 
A is a movable aluminum vane, to which is attached the 
pointer, the movement of which is counterbalanced by the 



spiral spring S, The fixed plates B, B and the movable 
vane A are connected together and form one pole of the 
instrument. The fixed plates C, C arc connected together 
and form the other pole. When the voltmeter is connected 
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to the circuit, B and A being charged alike will repel each 
other, while at the same time C and A will attract each 
other, with the result that the vane is deflected an amount 
depending on the i)ressure of the circuit. Two plug recep- 
tacles r, Tare provided on the instrument, in addition to 
the regular terminals, so that it may be compared at any 
time with a standard instrument. The movement of the 
needle is damped or steadied by the vanes B moving in the 
partially closed boxes /). 

Other types of electrostatic instruments are made, but 
they all work on about the same principle. They do not, 
of course, require any current for their operation and can 
be connected across high-pressure lines without the inter- 
vention of a potential transformer. 

15. Voltiiietcr Hwitelies and Connections. — It has 
already been stated that it is customary to make one volt- 
meter answer for several dynamos or circuits by using a 


O H 

\ f 




voltmeter switch or plug. Fig. 20 shows one of the simplest 
forms of switch used for this purpose. This is suitable for 
two dynamos, and its method of operation is obvious from the 
figure. The voltmeter is connected to terminals 1 and 
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and the dynamos B to S and d, ^ and 5. Connection is 
made to the terminals 5, 6 by means of the spring 

contact pieces 6”, d that are attached to the insulating 
cross-arm F and rub on the arcs 1 and 2. In position 
machine A is connected to the voltmeter, and in position //, 



Fk;. iil. 


machine B is connected. Sometimes voltmeters are con- 
nected by means of a flexible cable that is attached to a 
plug that may be inserted in receptacles connected to the 
different dynamos. The use of a cable is, however, some- 
what objectionable, and in order that it may be avoided. 



the plugging arrangement shown 
in Fig. 21 has been largely 
adopted. A pair of wires a, b are 
connected to the voltmeter F, 
and taps are r.un from these to 
the plug receptacles i, The 
different dynamos are connected 


Fig. 22. 


to receptacles 2, 2\ and when a 


voltmeter reading from any generator is desired, a plug is 
inserted into the receptacle corresponding to that generator. 
This plug is arranged somewhat as shown in Fig. 22, and 
when it is inserted, it connects points 1 and 2, 1' and 2' 
together, as indicated by the dotted lines. Fig. 21. 


16 . Pressure Wires.— In most cases, it is necessary to 
know the pressure that is being maintained at the center of 
distribution, where the light is supplied, rather than at the 
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Station; i. e., the voltmeter should give indications of the 
pressure delivered, and the pressure at the generator will 
be greater than this by the amount of the drop in the line. 
In order to indicate the pressure delivered, it has been cus- 
tomary in some cases to run pressure n'lres back to the 
station from the distributing center, as shown in Fig. 23. 
The wires <?, b run back from the distributing center c and 



connect to the voltmeter either directly or through a 
potential transformer, as the case may be. The current 
required to operate the voltmeter is so small that there is 
practically no drop in the pressure wires. The pressure 
wires are of small cross-section, usually No. H or 10 when 
strung on poles. Insulated iron wire is often used for this 
purpose, as the current to be carried is very small. 

17, Compensating Voltmeter. — In order to avoid the 
necessity of running pressure wires back to the station, 
compeii8atlii|2r voltmeters or eomx)eiisators are some- 
times used in connection with alternating plants. The 
compensator is a device used in connection with the volt- 
meter to decrease the voltmeter reading by an amount 
proportional to the drop in the line as the load increases. 
The attendant then increases the field excitation of the 
alternator and thus brings the pressure up to such an 
amount that the voltage at the distributing point is cor- 
rect. Fig. 24 shows the general appearance of the West- 
inghouse compensator, and Fig. 25 shows how it is used 
in connection with the voltmeter. It consists of a small 
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transformer, the primary of which is divided into a number 
of sections with leads brought out to terminal blocks 5, 1\ 
etc., Fig. 24. The secondary is also divided into a number 
of sections with terminals brought to the contact points 
i, 3, etc. The voltmeter is of the ordinary coil-and- 
plunger type, with a small auxiliary coil r, Fig. 25, wound 
over the main coil d. The main coil is supplied with current 
from the potential transformer T in the ordinary way. The 
primary of the compensator is connected in series with the 



main circuit, as shown, and the secondary is connected to 
the small auxiliary coil. When the voltage at the distribu- 
ting end of the line is at its correct value, the hand of the 
voltmeter is at its mid-position. When the load increases, 
the current through the primary of the compensator also 
increases; this, in turn, increases the current in the second- 
ary, which is so connected to the auxiliary coil that the 
current in this coil opposes that in the main coil. The 
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result is that the hand on the voltmeter goes Dack, and the 
pressure must be raised to bring it up to its proper value. 
By plugging in at different points on the primary and by 
setting at different points on the secondary, the compensator 
may be adjusted for operation on almost any of the circuits 
ordinarily met. After it is once set to suit the particular 



Fig. ii5. 


line on which it is to work, it requires no further attention. 
Tables are furnished with the instrument showing how to 
set it, and care must be taken in setting to insert the extra 
plug Fig. 24, before withdrawing the plug h already in 
use, otherwise the circuit will be opened. 

18 . The Mershon Coiiipensatoi*. — The compensator 
described in the last article answers very well for lines that 
have little self-induction and that supply a lamp load. 
Where, however, the load is inductive, as, for example, a load 
of motors or a load of motors and lamps, the reactance of 
the line may have a very great influence on the drop in 
voltage, and if a compensator is to make the voltmeter give 
indications that are at all accurate, it must compensate not 
only for the ohmic drop in the line, but also for the drop 
due to the reactance. The Mershon compensator, brought 
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Out by the Westinghouse Company, is designed to accom- 
plish this. 

19 . The principle on which this compensator operates is 


Lifie 



(b) 

Fig. 20. 


briefly as follows: The E. M. F. supplied at the end of the 
line is always equal to the resultant difference between the 
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E. M. F. generated and the E. M. F.’s necessary to overcome 
the resistance and reactance. If, then, three E. M. F. ’s are 
set lip at the station that are proportional to the above three 
E. M. F.’s and bear the same phase relation with regard to 
one another, and if these E. M. F. ’s are combined in the same 
way as the line E. M. F.’s, it is evident that their resultant 
will make the voltmeter indicate the E. M. F. at the end of 
the line. For example, take the simiile case shown in 
Fig 20 (<'?'). A is an alternator supplying current to the 
line. 7 ' is an ordinary potential transformer, the secondary 
of which gives a voltage that is proportional to the gener- 
ator voltage and in step with it. If the voltmeter Twere 
connected directly to 7"', it would evidently indicate the 
station voltage, but what is wanted is an indication of the 
voltage at the far end of the line, and in order to get this, 
the voltage of T' must be reduced by an amount equal to 
the sum of the drops caused by the reactance and resistance. 
In order to do this, an adjustable reactance (i and an adjust- 
able resistance b are inserted in the circuit. The drop 
through b will be proportional to and in step with the 
line-resistance drop; the voltage across a will be proportional 
to and in phase with the inductive drop. From the way in 
which the connections are made, it is easily seen that the 
voltage acting on V is a combination of the voltages of 7 

and b. The dro[) across a and b will increase as the cur- 
rent in the line increases, hence the voltmeter reading will 
decrease (because the connections are made, so that the 
pressures across a and b cut down the E. M. F. applied to V), 
The voltmeter will, therefore, indicate the true pressure at 
the end of the line because both the ohmic and inductive 
drops are accounted for. 

Fig. 20 (^0 is intended to illustrate the principle only, 
the actual connections are more nearly as indicated in 
Fig. 20 (/;). Here A is the alternator, as before, and T’ 
the ordinary potential transformer. T is a small current 
transformer, the primary of which is connected in series 
with the line and the secondary to the compensator proper, 
which consists of three parts, a, and A The E. M. F. 



24 


ELECTRIC LIGHTING. 


§17 


generated in the secondary of T' is proportional to and in 
step with the generator E. M. F. The current in the 
secondary of T is proportional to the load ; a is r non-induc- 
tive resistance and is a reactance coil wound on an iron 
core. These coils are connected in series, and the current 
supplied from the secondary of T passes through them. 
The E. M. F. across <7 is, therefore, in step with and pro- 
portional to the resistance drop in the line ; while that across 
3 is in step with and proportional to the back E. M. F. due to 
the reactance of the line. is a small transformer in shunt 
with a; its secondary E. M. F. is in step with and propor- 
tional to the E. M. F, across <^7; /; is also provided with a 
secondary that gives an E. M. F. in step with and propor- 
tional to the E. M. F. across 3. All these devices, i. e., 3, 

and J), are in one piece of apparatus, and terminals from 
the secondaries of I) and 3 are brought out to two multi- 
point switches, so that the number of turns in each may be 
adjusted to suit different lines. The voltmeter F indicates 
the resultant voltage, as already explained. For three- 
phase circuits, a and 3 are supplied from two series trans- 
formers whose primaries are connected in series with two of 
the lines and whose secondaries are in parallel, so that the 
current supplied to a and 3 is a combination of the two. 
Complete instructions for adjusting the compensator are 
furnished by the makers. 


FUSES AND UlIUaTIT-BREAKEKS. 

20. Fuses and circuit -breakers are used on the switch- 
board to prevent injury to the machines from short circuits 
or overloads. It must be remembered that the dynamos 
used for incandescent lighting or power-distribution work 
maintain a constant pressure. Hence, if the outside resist- 
ance be reduced to a very low value, as it would be in case 
of a short circuit, a large rush of current would be the 
result. vShort circuits may thus cause considerable damage 
unless the circuit is promptly opened. 
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21m Fuses. — A fuse consists of a piece of wire or strip 
made of a fusible alloy ; usually a mixture of lead and bis- 
muth, though very often fuses are made of copper or 
aluminum. This fuse is inserted in the circuit at some con- 
venient point on the switchboard, and is made of such size 
that it will melt and break the circuit whenever the current 
exceeds the allowable amount. The switch, Fi^. 2, is pro- 
vided with ordinary link fuses, shown at /, 

For low-tension work, plain open fuses are commonly 
used; but for hi^h-tension work, it is necessary to have 
them arranged so that the arc formed when they blow will 
not hold over and destroy the terminals and fuse holder. 
Moreover, it is necessary to have high-tension fuses arranged 
so that they can be renewed without danger to the switch- 
board attendant. In order to prevent arcing, the fuses 
are enclosed ; and to do away with danger, they are made so 
that the holder may be entirely removed from the board 
when the fuse is to be renewed. 

22m Fig. 27 (a) shows a type of fuse block used by the 
General Electric Company on alternating-current switc'h- 
boards; (/>») shows the shape of the aluminum fuse used in 
the block. The fuse holder is made in two parts, the lower 
part yl being of porcelain and the upper ])art /> of lignum 
vitae. The lower part is provided with blades r that fit 
between the clips c/, r/'. Fig. 27 (a), in the same way as the 
blades of a knife switch. These clips lie in slots in the mar- 
ble board 7^" and are connected to the line and dynamo by 
means of terminals and h. By adopting this arrangement, 
the whole block may be detached from the board by simply 
pulling it .straight out, thus pulling the blades out of the 
clips. Extra blocks may be kept on hand, ready fused, and 
one of these put in place of the blown fuse with very little 
delay or danger to the attendant. The fuse is shown at /, 
and is clamped by means of the screws n, A vent hole p 
is provided in the lignum-vitae cover and the rush of air 
through this vent, together with the confined space, results 
in the suppression of the arc. When fuses are being 
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replaced, care should be taken to see that the switch con- 
necting- the fuse block with the dynamo is open. This fuse 
block is suitable for currents up to 150 amperes at 2,500 volts, 
and is the type of fuse shown on the switchboard in Fig. 60. 
For higher pressures fuse blocks are used in which the fuse 
is pulled wide apart as soon as it blows, thus breaking the 
arc. 

The use of fuses on low-tension lighting switchboards is 
not as common as it once was, their place being taken by 
the automatic circuit-breaker. Fuses are, however, used 




largely for alternating-current boards and also for protect- 
ing individual circuits on low-tension, direct-current boards. 
They are not as convenient or reliable as circuit-breakers, 
because it takes time to replace them when they blow, and 
only too often they are replaced by a heavier fuse or even a 
copper wire, which is of scarcely any use as a protection. 
Again, fuses of the same size do not always blow at the 
same current, as much depends on the nature of the fuse- 
block terminals. If the clamps are not screwed up tightly, 
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local heating will result, and the fuse will blow with a 
smaller current than it should. Also, it has been found 
that a fuse of a given cross-section and material will carry a 
heavier current when the distance between the terminals is 
short than when it is long, on account of the conducting 
away of the heat by the terminals. 

33. Circuit- Breaker's. — The circuit-breaker is essen- 
tially an automatic switch that opens the circuit whenever 
the current becomes too large. The current is usually sent 



Fig. 28. 


through an electromagnet or solenoid, which operates a trip 
and releases the switch when the current exceeds the amount 
for which the breaker is set. Fig. 28 shows a typical 
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circuit-breaker in the closed position. The current enters 
at passes through the coil c to stud d, thence to stud d' and 

clip h, across through the cross- 
connecting piece j to a similar 
clip not shown in the figure. The 
arm carrying the crosspiece j is 
held in against the action of the 
spring k by means of the catch /. 
When the current reaches the 
amount for which the breaker is 
adjusted, the plunger in is drawn 
up, hitting the rod n a blow and 
releasing the catch. This allows 
the arm to fly out, thus breaking 
the circuit by pushing the blades 
at each end of j out of clips //. 
Fig. 29 shows a front view of the 
same style of breaker. The arc 
Fig. 29 . is not broken at the copper con- 

tact clips, as they are provided with auxiliary carbon 
contacts / that remain in contact shortly after the blades 
are pulled out of the clips. Whatever burning action is due 
to the arc will take place on the carbon pieces, which are 
easily renewed. The current at which the breaker trips 
may be varied by adjusting the position of the plunger in 
the coil, the current for which it is set being indicated by 
the scale x. Fig. 29. The switchboard, Fig. 50, is equipped 
with a circuit-breaker for each dynamo and each feeder. 
The board shown in Fig. 58 is equipped with a circuit- 
breaker for each dynamo, the individual lighting circuits 
being equipped with fuses only. The circuit-breakers 
shown on both these boards are of the Westinghouse type 
and are very similar in design to the one already described. 

34, Fig. 30 (^^) and (/;) shows another type of circuit- 
breaker, which is designed for use on 125- to 25()-volt direct- 
current circuits. One of the principal features of this 
breaker is the style of main contact used. It consists of a 
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U-shaped brush a made of a large number of thin copper 
leaves, and when the breaker is closed this brush is pressed 
firmly against the contacts by means of a togglcjoint. 



Fig. 31 shows how the laminated contact completes the cir^ 
cuit, and the method of mounting the lever will be seen by 
referring to Fig. 30, in which a are the main laminated 
contacts and /?, h the terminals against which they are 
pressed when the handle Ji is forced in. Each main contact 



is provided with a pair of light auxiliary contacts m that 
can be easily renewed. These wipers press against the 
carbon blocks /, and when the breaker flies out the arc is 
broken between the carbon blocks and the wipers, because 
these do not break connection until after the main contact. 
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By using the togglejoint to force the main contact into place 
and to close the breaker, a comparatively light pressure on 
the handle is sufficient to force the contacts firmly together, 
a feature that makes the breaker easy to set. Another 
advantage of this style of contact is that it is not likely to 
stick. The tripping coil is shown at S, and when the current 
becomes excessive, the armature A is attracted and trips 

the breaker, which is 
promptly opened by the 
spring t. The current 
for which the breaker is 
set may be adjusted 
by means of the screw v 
and the breaker may be 
tripped by hand at any 
time by pulling down 
on the knob w. The 
breaker shown is a dou- 
ble-pole, but each side 
of the circuit is inde- 
pendent of the other. 
For example, if there 
should happen to be a 
short circuit on the line, 
one side may be closed 
and then the other. If 
the short circuit were 
still present, the first side 
would fly out as soon as 
the second was closed, thus protecting the dynamos and 
apparatus. The above type of circuit-breaker is also made 
single-pole, as in Fig. 32. 



RHEOSTATS. 

35. Every direct-current dynamo should be equipped 
with a rheostat in its .shunt field, so that the generator 
voltage may be adjusted. Alternators are usually provided 
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with a rheostat in series with their separately excited field, 
as well as with one in the shunt field of the exciter. In 
some cases, the latter alone is irsed, although it is desirable 
to have a rheostat in the alternator field, and it is almost 
absolutely necessary if the plant is arranged so that one 
exciter may supply the fields of several machines, as is 
frequently done in large plants. The method of connecting 
rheostats will be shown later, when the subject of switch- 
board connections is taken up. 

36. The rheostat usually consists of a number of coils 
made up of iron, (R^rman-silver, or other wire having a high 
resistance. These coils may be mounted in a variety of 
ways. Sometimes they are wound in spiral form and 
mounted in a cast-iron box. In other cases, they are 
mounted on an iron plate and bedded in enamel. Whatever 
method is used, the mounting should be perfectly fireproof 
and at the same time allow the coils to radiate the heat 
readily. The resistance is divided into a large number of 
sections, so that the current in the shunt field may be varied 
by small amounts, thus giving a correspondingly fine 
adjustment of E. M. F. It may be mentif)ne(|, in passing, 
that the field rheostat used in connection with' a compound- 
wound machine is not usually varied to any great extent 
after the machine has settled down to its normal operation. 
When the dynamo is first started up, its fields are cold, but 
after it has been running a while, they warm up and their 
resistance increases so that it is necessary to cut out some 
of the rheostat in order to keep up the voltage. However, 
after the fields have reached their normal temperature, the 
compound coils will generally take care of the voltage, and 
very little further adjustment of the field rheostat is neces- 
sary. Field rheostats are made in many different styles, 
and a great many 'different schemes have been adopted for 
making up and mounting the resistance. 

Fig. 33 shows the appearance of a typical field rheostat 
mounted in an iron box and arranged for attachment to the 
front of the switchboard. The resistance is here divided 
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into 52 sections connected to the contact points p mounted 
on the slate front. By turning the hand wheel //, any num- 
ber of sections may 
be cut in or out. 
Nearly all rheostats 
are made so that 
turning the handle 
to the right will cut 
in resistance and 
lower the voltage of 
the dynamo. This 
is the same direc- 
tion that an ordi- 
nary globe valve is 
turned to shut off 
the steam or water. 
On most modern 
slate or marble 
boards, the rheostat is mounted on the back of the panel, 
and all that appears on the front 
is the hand-wheel necessary for 
operating it. 

Fig. 34 shows a rheostat ar- 
ranged in this way. The one 
shown is of the enamel type, 
in which the wire is made up 
into flat zigzag coils and embed- 
ded in enamel on the back of 
a ribbed iron plate. This holds 
the wire securely in place and 
at the same time allows it to 
impart the heat generated to the 
ribbed iron plate, which radiates 
it. The figure shows the oper- 
ating wheel // that moves the fig. 84. 

arm a over the contacts b ; /, f are the terminals of the 
rheostat, and the whole is bolted to the panel by means of 
bolts c. 




Fig. 33. 
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GliOUNl) BETEC TOU"^. 

37. It is necessary to have some device by means of 
which grounds on the system may be detected. A volt- 
meter makes a very good ground detector, because it not 



^ (a) 



only indicates whether a ground is present, but by its 
deflection it shows whether the path of the current to 
ground is one of high resistance or low resistance. 



34 


ELECTRIC LIGHTING. 


§17 


In order to indicate grounds, the voltmeter may be con- 
nected as shown in Fig. 35 (a); a and b are the mains 
connected to a two-})oint switch; r, the blade, is con- 
nected through the voltmeter V to the ground. If the 
line a should become grounded, as indicated by the 
dotted line, and the switch blade placed on point i, no 
deflection would result. If, however, the blade is moved 
to point current will pass from line a through the ground 
on the line to the voltmeter to point ^2^ and thence to the 
line thus completing the circuit. When a deflection is 
obtained on point it shows that line a is grounded ; 
and when obtained on point i, it shows that line b is 
grounded. If the ground is of high resistance, the deflec- 
tion will be comparatively small ; if of low resistance, 
the deflec'tion will be large. Many direct-current voltme- 
ters, for example, the Weston, require that the current shall 
flow in them always in the same direction, in order that 
they may give a deflection over the scale. In Fig. 35 (^), 
it is easily seen that the current will flow through the 
voltmeter in the opposite direction on point 2 from what 
it will on point /, hence the voltmeter must have its zero 
point in the center of the scale, so that it can read 
either way. 

Most voltmeters have their zero point at the left-hand 
end of the sc'ale, and it is often convenient to have a switch 
that will allow the ordinary voltmeter to be used either as 
a voltmeter or ground detector. Fig. 35 (b) shows an 
arrangement for doing this. The switch 5 is similar in con- 
struction to that shown in Fig. 20, but the connections are 
arranged so that when the switch is in the position the 
voltmeter is connected directly across the line and gives 
the voltage on the system. When the switch is in the posi- 
tion S-H\ the voltmeter indicates any grounds, such as G” ^ 
that may be present on line b. When .S occupies the 
position 2-2\ V indicates grounds on line as at G\ By 
tracing out the path of the current in each case, the student 
will see that the current always flows through the voltmeter 
in the same direction. 
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38. Another very common arrangement for detecting 
grounds is shown in Fig. 30. Here two lamps r, d are con- 
nected in series across the 
lines. The voltage at 
which these lamps are 
designed to rim is equal 
to that of the dynamo, so 
that when the two are 
connected in series, they 
will burn dull red. At 
the point between the 
lamps, a connection is 
made to ground through a switch or a push button f. If con- 
tact is made at /"and if there is no ground on either line, the 
brilliancy of either lamp will not be altered. Suppose, how- 
ever, that there is a ground on as indicated at Ct' , Now 
when the key is pressed, hardly any current will flow through 
lamp d, because the current will flow through c and f to 
the ground and thence to line Ik In other words, lamp d 
will be shunted by the ground and it will go out. On the 
other hand, the cutting out of the high resistance of lamp d 
in series with c results in c burning brighter. The lamp 
that is connected to the side of the circuit on which the 
ground exists goes out or becomes dimmer, while the lamp 
on the other side brightens up correspondingly. This lamp 
detector is simple, and while it serves as an indicator of 
grounds, it is hardly as satisfai'tory as the voltmeter detector, 
as it does not give as accurate indications as to the resistance 
of the fault. 

39. Fig. 37 shows a ground detector that is suitable for 

a three-wire low-tension system. Three lamps /j, 4 are 

connected in series across one side of the system, and a 
ground connection is made at .i' through key K. When all 
three lines are clear of grounds, the lamps will burn at a 
dull red, they will all be equal in brightness, and their color 
will not change when key is pressed. Suppose that line C 
becomes grounded at G' \ then, when 7v is pressed, lamp /, 



Fig 30. 



36 


ELECTRIC LIGHTING. 


§17 


will be connected across lines 7>, and lamps and will 
be cut out ; and ^ will therefore go out, and will come 

up to full candlepower. 
If a ground occurs 
at G" on line />, lamp ^ 
will go out and 4, 4 will 
brighten up, but will 
not come up to full 
candlepower because 
two of them will be in 
series between B and C. 
If there is a ground 
at G"’ on line A, 
all the lamps will come 
up to full candlepower, because they will all get the full 
voltage, /jj being across A B and in series acToss A C. 
It is thus seen that a ground on any one of the three lines 
affects the lam])s differently, so that by noting their per- 
formance, the line on which there is a ground may be located. 

SO. 'Pile ground detectors just described apply more 
particularly to low-tension direct-current installations, but 
similar a r range- 
ments may be used 
on alternating-cur- 
rent systems by 
using potential 
transformers. Fig. 

38 shows the meth- 
od used by the 
Westing ho use 
Company on some 
of their alterna- 
ting - c u r r e n t 
switchboards. The 
regular voltmeter 

with which the switchboard is equipped, is here used also 
as a ground detector, /Ms a plug switch by means of which 





§ 17 ELECTRIC LIGHTING. 37 

points 1 and/or 1 and J may be connected toj^ether. Under 
ordinary conditions, the plug is in 1 and iJ, thus connecting 
the primary of the j)otential transformer across the line, 
and V serves as an ordinary voltmeter. S is a key, or 
push button, that, when pressed, connects one side of the 
line to ground through the transformer primary. If there 
happens to be a ground on the side b, as shown at G\ the 
voltmeter will give a reading, and the attendant can judge 
by the size of the deflection as to whether the ground is a 
serious one or not. The path of the current is b-G'-G-b-to 
primary-i-.'?-^^. By placing the plug in points 1 and S, 
side a may be tested. When the key S is not pressed, the 
lever f) is against contact .i, so that Kis connected as an 
ordinary voltmeter. 

•il. A ground detector that is suitable for high-tension 
alternating-current systems is shown in Fig. 31k This is 



one of the earlier types used by the Westinghouse Company, 
and is similar in principle to the lamp detector shown in 
Fig. 3G. The only difference is that the lamps are operated 
by means of transformers 7’, T\ These transformers have 
their primaries connected in series across the high-tension 
lines and the middle point .r can be connected to ground 
through the key K. The secondaries are connected directly 
to the lamps /, F . If line b is grounded and K i)ressed, the 
primary of T will be cut out and lamp / will go out. Lamp /' 
will brighten up. When there are no grounds on the line, 
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both lamps will burn dim and at equal brightness whether 
K is pressed or not. 


33. Fig. 40 shows a form of alternating-current ground 
detector of which there are a considerable number in use. 
It was formerly used by the Thomson-Houston and Gen- 
eral Electric Com- 
panies, but it has 
been replaced by the 
electrostatic ground 
detector in later 
installations. T h e 
principle of the elec- 
trostatic ground de- 
tector will be de- 
scribed later. 

In Fig. 40, A rep- 
resents a laminated 
iron core similar to 
a regular t r a n s - 
former core. On it 
is wound the coil B. 
One end of the coil c is arranged so that it may be connected 
to either side of the circuit through switch .S, and the other 
end b is connected to the ground. A tap is brought from a 
point d and is connected to the lamp /, and the other termi- 
nal of / is connected to the ground. vSuppose there is no 
ground on either line wire. Then i*f the switch is put on 
either points 1 or the lamp will remain dark, because no 
current will flow through coil B to the ground. If there is 
a ground on the line y and the switch is placed on i, then 
current will flow from j to the ground, through A, and back 
to X by way of the switch and point 1. This current will 
magnetize the core and set up a counter E. M. F. in coil B. 
The E. M. F. set up in the portion of the coil d b will cause 
the lamp to glow and thus indicate the ground. If the lamp 
glows when the switch is placed on point it indicates that 
there is a ground on line x. 





§17 


ELECTRIC LIGHTING. 


39 


In some forms of this ground dectector the switch is 
replaced by an insulated handle with a terminal on the end. 
This terminal is connected, by means of 
a flexible cable, to one terminal of 
coil B, and when tests are being made, 
the terminal is simply brought into 
contact with the various lines. This 
simplifies matters considerably where 
there are several circuits to be tested 
and avoids having a two-point switch 
for each pair of lines. Fig, 41 shows 
this type of ground detector provided 
with a plug /, by means of which it 
may be connected to any of the lines. 

33 * Electrostatic Ground Detector. — Ground detect- 
ors operating on the electrostatic principle are used to quite 
a large extent. They have the advantage that they require 
no current for their operation and may be left connected to 
the circuit all the time, thus indicating a ground as soon as 
it occurs. They also give an indication without it being 
necessary to make an actual connection between the line 
and groiind, as is the case with all the detectors previously 
described. Fig. 42 illustrates the principle of the later style 
of Stanley electrostatic ground detector, which is specially 
adapted to high-pressure alternating-current lines because 
the instrument is not in actual connection with either of the 
lines. The instrument itself is enclosed in a hard-rubber 
casing and the parts are very .similar to those of the 
voltmeter shown in Fig. 19. The fixed vanes 7 and ^ 
2 and 3 are connected together in pairs, as shown. The 
movable vane Fis connected to the ground and is held in 
the central position shown in the figure by means of small 
spiral springs S. The pairs of fixed jdates are not con- 
nected direct to the lines, but are attached to plates a, a' of 
two small condensers. These condensers consist simply of 
two brass plates a, b that are mounted in hard rubber at 
some distance from each other. Plates b, ¥ are connected 



Fig. 41. 
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to the lines. When no grounds are present, 1 and 2 and S 
become oppositely charged by reason of charges induced on 
plates a' by plates b\ The forces acting on the vane V 
are, therefore, equal and opposite. Now suppose that line// 
becomes grounded at This is equivalent to connecting 

vane l^to line V takes up a charge similar to i2 and fG 
hence it is repelled by 2 and S and is attracted by 1 and /, 





Fig. 42. 

thus giving a deflection. If ^ becomes grounded, a deflection 
in the opposite direction is obtained. Instruments of this 
kind can, of course, only be used in places where the pressure 
is fairly high, as the electrostatic forces produced by charges 
due to low pressures would not be large enough to operate an 
instrument unless it were made much too delicate to be of 
practical use in a light or power station. In most electro- 
static detectors, the lines are connected directly to the fixed 
sectors i, / and the condensers C, C' are omitted. 
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LIGHTNING ARIIHSTERS. 


ARRESTEllS FOR I>IRECT CtJRREKT. 

34. The general principles relating to lightning arresters 
have already been discussed, and we will here confine our 
attention to a description of some of the more common 
types that are used in connection witli electric-lighting work. 
The arrester used for any given lighting system must be 
selected with due reference to the voltage and kind of cur- 
rent used. Arresters that would work well on alternating- 
current lines might be total failures when used with direct 
current, owing to their inability to put out the arc following 
the discharge. On the other hand, some arresters will work 
equally well either on direct or alternating current. 

35. Tlie Gartou Arrester. — Fig. 43 illustrates the 
Garton arrester. The discharge points are of carbon, shown 
at Ji and j. These points are about 
-r/j- inch apart, and the lower one is 
connected to ground ; / is a coil of 
wire wound on th(? tube which is 
closed at the top; c is a small core of 
iron attached to the rod d, which in 
turn connects, by means of a small 
Ilexible cable, to one end of the resist- 
ance b. The other end of the coil 
connects to the other end of the resist- 
ance, to which the line also con- 
nects. The resistance b is made up 
of a stick of graphite and, having 
practically no inductance, it offers 
little or no opposition to the dis- 
charge. The discharge comes in 
over the line a, passes through to 
the rod d, thence to the carbon 
point //, and jumps the air gap to the 
ground. The discharge is followed by current from the 
dynamo and, since the coil is in shunt with the resistance, 
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part of this current will flow through the coil, thus draw- 
ing up the core e and breaking the arc between e and //. 
The fact that the arc also takes place in the enclosed tube 
tends to put it out. As soon as the discharge has passed, 
the core drops back and the arrester is ready for the next 
discharge. This arrester is very simple and is not liable 
to get out of order. The spark gap should be examined 
now and then to see that it has not become enlarged or 



To Dynamo 


blocked up in any way. If the gap becomes too long, the 
lower carbon may be moved up a little. Sometimes arrest- 
ers are connected as shown in Fig. 44, as this arrange- 
ment gives especially good protection. Here three kicking 
coils are connected in series and ‘a lightning arrester is 
connected in ahead of each coil. The Garton arrester 
may be used on either direct-current or alternating-current 
circuits. 


36 . Westlii^ylioiise Arrester. — Fig. 45 shows the form 
of the Westinghouse arrester that is used on direct-current 
circuits. This arrester has no movable parts, and the 
arc is extinguished by smothering it in a confined space. 
Two terminals b are mounted on a lignum-vita) block 
and are separated by a space somewhat less than ^ inch. 
This space is crossed by a number of charred grooves, 
so that although the resistance in ohms between the ter- 
minals is very high, yet the lightning will readily leap 
across the space. The block A is covered by a second 
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block, not shown in the figure, that excludes the air and 
confines the arc to the 
small space between the 
terminals. When the 
arc tends to follow the 
discharge, the small 
space is soon filled with 
the vapor of the me- 
tallic electrodes that 
will not support com- 
bustion, and the arc is 
put out. The connec- 
tions of the arrester are 
very simple, one side 
being connected to the 
line and the other to 
ground. It should be 
noted that this arrester 
is intended for use on direct-current circuits only, and the 
pressure should not exceed 000 or 700 volts. 



Fig. 45. 


37. Magnetic Blow-Out Arresters.— Fig. 40 shows a 
lightning arrester that has been used extensively by the 
General Electric Company 



for low-pressure direct-cur- 
rent circuits. It is of the 
magnetic blow-out type, 
i. e., the arc that fol- 
lows the discharge is extin- 
guished by forcing it across 
a magnetic field until it is 
stretched out to such a 
length that it can no longer 
be maintained. The con- 
struction of the arrester 


FIG. 40. will be understood by re- 


ferring to Fig. 4C. A, A are two coils of wire wound on the 
cores B, so that when current flows through them, poles 
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are formed at 5, and a magnetic field is set tip in the 
space between them. 6, C are the two electrodes, sep- 
arated by a small air gap, between which the lightning 
jumps when it comes in over the line. /), D' are two ter- 
minals with a small gap between them. This auxiliary gap 
is provided in order that the discharge may pass to the 
ground without having to pass through coils yl, which 
have considerable self-induction and which would there- 
fore oppose the discharge. The connections of the arrester 
for one side of the circuit are shown in Fig. 47, and the 
action is as follows: When a lightning discharge comes in 



over the line, it jumps the gap between C C and also that 
between D I)' and passes to the ground. If a discharge 
happens to come over the other side of the circuit at the 
same time (and this would usually be the case, because the 
line wires run side by side), there will be a rush of current 
from the dynamo across gaps y to the ground. Of this 
current, a considerable i)art will pass through cods y/, 
because these are connected in shunt across the gap jj'. The 
result is that a magnetic held is set up between poles iV, .S', 
and the are formed between the electrodes is forced across 
the held. ()n acc'ount of the shape of the electrodes C, C\ 
the arc is stretched out as it is forced up and is hnally 
broken. The coils ul carry current only when the arrester 
is in action, and hence the arrester may be connected to 
any low-tension line independent of the current supplied 
over the line. 
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38, One of the objections to the arrester just described 
is that the discharge must jump a comparatively long air 


gap before reaching the 
ground. In a later type 
of magnetic blow-out ar- 
rester, the length of gap 
is much shorter. Fig. 48 
shows the external appear- 
ance of this arrester, and 
Fig. 49 (a) and (<^) shows 
Ihe arrangement of the 
parts. Fig. 50 shows how 
the arrester is connected. 
All the parts are mounted 
on porcelain. Fig. 49 (/;) 
shows the jxn'celain box 
that holds the blow-out 
coil c with its polar projec- 



tions //, //, also the graph- 


fig. rs. 


ite resistance r. The electrodes are mounted in the cover, 


Fig. 49 (a), in connection with the clips /v\ k* , When the 



(a) 


Fig. 49. 
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cover is in place, as shown in Fig. 48, clips k\ k' make con- 
tact with the tongues and we have the scheme of 

connections shown in Fig. 50. Here a represents the air 
gap, shown also at Fig. 49 (c?), x y is the blow-out coil, 
r r’ the graphite resistance. The ground connection is 
made to the lower end / of the resistance, and the line 

is connected to the 
upper electrode. A 
reactance or kicking 
coil maybe inserted, 
as shown at Z, as an 
additional precau- 
tion. The terminals 
of the blow-out coil 
connect to and /, 
so that the coil is 
in parallel with a 
portion of the resistance. When a discharge comes in over 
the line, it jumps the air gap and passes to the ground 
through the resistance, following the path a-n-z-l-G. 
When the current follows the discharge, part of it takes the 
path n-x-y-p-r’ -l-G ^ passing through the blow-out coil. 
By examining Fig. 49 and (/;), the student will notice 
that, when the cover is placed in position and held in place 
by clip /, the air gap a falls between the pole pieces //, h. 
The result is that as soon as an arc is formed it is blown out 
through the opening shown in the cover. Fig. 48, and at once 
extinguished. It will be noted that a portion of the resist- 
ance r' is in series with the coil and spark gap, and thus 
limits the amount of current that tends to follow the dis- 
charge. The ordinary type of this arrester is suitable for 
any direct-current circuit using pressures of 850 volts or less. 
It has been very largely used on street-railway lines, but it is 
also well adapted for low-tension lighting work. The air gap 
is quite short (about .025 inch), and the electrodes should be 
examined from time to time to see that the air gap does not 
become larger or bridged over. If the gap becomes larger, 
there is danger of the lightning puncturing the insulation of 
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the apparatus to be protected instead of passing through 
the gap. The length of the air gap may be adjusted by 
loosening the clamps and moving the electrodes nearer 
together. 


AllRESTERS FOR AI/rERWATT>rG ClTltRElS^T, 

39. WestiiighLOuse Arrester for Alternating: Cur- 
rent. — Fig. 51 shows a type of arrester that has been largely 
used by the Westinghouse Company on alternating-current 
circuits. It is known as the Wiirts non-arcing arrester^ 
and consists of a number of milled cylinders rt', a mounted 
as shown and separated from each other by small air 



FIG. 51. 


gaps. The end cylinders arc connected to the lines and the 
middle cylinder to the ground. With this arrangement, a 
single arrester does for both sides of the line; where, how- 
ever, the line pressure is high, a separate arrester is used for 
each side; and for very high pressures, such as are used on 
long-distance lines, a number of arresters are connected in 
series. When a discharge comes in over the line, it jumps 



4B 


ELECTRIC LIGHTING. 


§17 


the gaps between the cylinders and passes to the ground. 
It is claimed that the arc does not hold over, because the 
gases formed by the volatilization of the metal will not sup- 
port an arc. The cylinders are made of what is known as 
non-arcing metal. Others claim that the suppression of the 
arc is due to the cooling effect of the cylinders and the 
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alternating nature of the current. The arc will be destruc- 
tive if these arresters are used on direct-current circuits, 
but It will not be maintained on alternating-current cir- 
cuits. The arresters should be examined from time to 
time and the cylinders rotated slightly so that they will 
present fresh surfaces to each other. Fig. 52 shows the 
method of connecting these arresters on J,00()-volt and 
2,()()0-volt circuits. 

40. (kuieral Electric Arrester for Alternatiiii? 
Current. — Fig. 53 shows an arrester used by the General 
Electric Company for alternating-current circuits. It is 
somewhat similar to the Wurts arrester just described, 
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except that fewer spark gaps are used and a non-inductive 
resistance r is inserted in the circuit in order to' limit the 
current following the discharge. 

The spark gaps a are between the 
heavy metal cylinders the 

middle one of which is connected 
to ground in the double-pole ar- 
rester shown. The makers claim 
that the arcing is suj)i)ressed by 
the cooling effect of the heavy 
cylinders. This arrester, like the 
previous one, is not suitable for 
use bn direct-current circuits. 

Fig. 54 shows this arrester con- 
nected on a l,()00-volt circuit. 

4 1 • The arresters just descri l)cd 
have been shown as arranged for 
indoor use in the station. They 
may, however, be used on the 
line, in which case they should be 
mounted in a weathcr-{)roof box made of iron or wood. A 
wooden box will answer every pur])ose if it is substantially 
made and painted with weather-proof jiaint. AVhere the 
pressure on the circuit is higher than that for which the 



Fig. r>4. 

standard arresters are made, it is usual to connect a number 
of arresters in series (see Fig. 52). The connections to and 
from the arresters should be made with wire not less than 
No. 4 B. & vS. and all connections should be run as straight 
as possible. 
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SWITOITBOA11T>S. 

43. The switchboard is a necessary part of every plant. 
Its object is to group together at some convenient and 
accessible point the necessary apparatus for controlling and 
distributing the current to the various circuits, and the 
safety devices for ])roperly protecting the lines and machines. 
The different pieces of apparatus used in this connection, 
and which are mounted on the switchboard, have already 
been described. vSomc'times the lightning arresters are 
placed at the point where the wires enter the building, but 
in a great many cases they are mounted on the back of the 
switchboard. Sc'arcely any two switchboards are alike in 
every particular; their layout and the type of apparatus 
used on them depend on the chara('t(u* of the system used, 
the number and size of dynamos, the number of circuits 
supplied, etc. 

4IL General Construction. — vSwitchboards were for- 
merly made of wood and consisted simply of a built-up board 
or wall sufficiently large to accommodate the instruments. 
This construction was objectionable on account of the fire 
risk, and the only type of wooden board that is now allowed 
by the Fire XTnderwriters consists of a skeleton frame of 
well-seasoned hardwood filled and varnished to prevent 
absorption of moisture. A skeleton board of this kind is 
cheap and is suitable for those places where the expense of 
a slate or marble board is not warranted. Modern boards 
are nearly always made of slate, marble, soapstone, or brick 
tile. Slate is usually satisfactory for low-tension work, but 
it should be avoided on high-tension boards, because it is 
liable to eontain metallic veins. The parts of the switches, 
etc. are nearly always mounted directly on the board, and 
if any metallic veins are present there will be leakage. A 
good quality of marble is the material generally used for 
modern boards. The slabs making the boards may vary 
from f inch to 2 inches in thickness, depending on their size. 
Most central-station slate or marble boards are made 2 inches 
thick with a bevel around the edge of ^ inch or | inch. 
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They are supported by bolting- to angle irons, /, Fig. 55, 
and are stood out from the wall by means of braces b. 
Station boards built up as shown in Fig. 55 are usually about 
90 inches high. It has become customary to build up boards 
in panels, each panel carrying the apparatus necessary for a 
generator or one or more feeders. Those carrying the 
instruments for the generators are known as g^enerator 



Fig. 55 . 


panels ; those carrying the instruments for the feeders as 
feeder panels. This system allows the board to be easily 
extended as the plant grows in size, as additional panels can 
be added to those already in use. The extra panels are 
attached to those already installed, as indicated by the 
dotted lines in Fig. 55, the panels being held together by 
means of bolts passing through holes h in the angle iron. 
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J>IimCT-ClIIlRENT SWITCHBOARDS. 

44 . Fig. 56 shows a typical direct-current board arranged 
for two generators and three feeders. yl and Jy are the 
generator panels. 7) and 71 the feeder panels, the panel 
accommodating two feeders. In the center of the board is a 
panel C that accommodates the ammeter Af, which is so con- 
nected as to indicate the total current output of the two 



dynamos. This panel also carries the station voltmeter F, 
which is mounted on a bracket, so that it may be set at 
whatever angle it may be seen to best advantage. Each 
generator panel is equipped with an ammeter a, a circuit- 
breaker 7, voltmeter plug and receptacle main switch 
and rheostat l\ If lightning arresters are used, they are 
mounted on the back of the board. Triple-pole generator 
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switches d are used so that the machines may be operated in 
parallel. Each feeder is provided with a switch /‘and cir- 
cuit-breaker g. On many boards, each feeder is also pro- 
vided with an ammeter. Each generator panel is also 
provided with a pilot lamp //, which is connected back of the 
main switch, so that it will show when the generator is up to 
voltage, even if the main switch is not in. The exact 
arrangement of the wiring on the ba(‘k of the board may be 
varied somewhat, but Fig. 57 indicates the general scheme 
of connections for a board of this kind. The various parts 
in the diagram are lettered to correspond with Fig. 50. 
The main dynamo leads and equalizer leads connect to the 
lower terminals of the main switches d. The upper + ter- 
minal of each switch d connects directly to the + bus-bar. 
The equalizer terminals are connec'ted to the equalizer 
bar /i ' E\ so that when the main switches are thrown in, the 
series coils are connected in parallel. The u])per — terminal 
of each switch connects to the — bus-bar, after first being led 
through the ammeter shunt s and the circuit-breaker b. It 
would not do to connect the ammeter shunt and circuit- 
breaker in the side to which the equalizer is connected, 
because part of the current may flow through the equalizer, 
and the ammciter would not indicate the full output of the 
machine. All the current delivered by the machine thus 
passes through the circuit-breaker and ammeter shunt. 
The ammeter a is connected to its shunt by means of the 
small cables furni.shed with the instrument. The lower 
terminals of the voltmeter receptacles r, c are connected to 
the -f- and — sides of the machines, as shown. It should be 
noted that these connections are made to the lower terminals 
of ‘the main switch, so that voltmet^^r readings may be 
obtained before the switches are thrown in. The pilot 
lamps //, h are also connected to the same lines, so that they 
will indicate when the machine is up to voltage. The upper 
terminals of the voltmeter receptacle are connected to the 
voltmeter L, so that by inserting the plug, the voltmeter 
may be connected to either dynamo. The + and — bus- 
bars run across the back of the board to the feeder panels. 


el. III.— 22 
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Between the generator and feeder jKinels, the shunt S' for 
the main ammeter J/ inserted, so that the total current 
supf)lied by the two machines must jiass through the shunt, 
and the ammeter J/ thus indicates the total current output. 
The metliod of connecting the bus-bars to the feeders 
depends to some extent on whether the feeders are to pass 
out at the top of the board or whether they are to be carried 
down through the lloor. In this case, they are shown con- 
nected to the bottom terminals of the switches and carried 
downwards. One side of each feeder switch is connected 
directly to the — bus-bar; the other side connects to the 
[- bus- bar through tlie circuit-breaker Lamj)s X’ and I may 
be connected directly a''ross the bus-bars, or, if desired, they 
may be m:ulc to indic-ate when a cin'uit-breaker is out by 
connecting to the outgoing terminals of the feeder switch. 
Lamp k is shown connected in this way; lamp / is shown 
connected directly across the bus-bars. vSmall fuses are 
inserted in the various lamf) circuits to prevent any danger 
fnun short circuits. This board is not shown equipped with 
a ground detector, but if such were rccjuired, it ('ould be con- 
nected as shown at Each line should also be provided 
with a lightning arrester if they connect to overhead lines. 
Tlic'se arresters would be arranged in connec'tion with kick- 
ing coils, as ])reviously descrilied. I'lie student should trace 
out carefully the connections given on the aliove board; by 
doing so, he will soon become familiar with the method of 
arranging and connecting the various parts. 

45. The direct-current switchboard shown in Fig. 50 is 
of fairly large capacity and is suitable for a plant where a 
comparatively few number of feeders c f large capacity are 
siqiplied For isolated plants in stores, moderate-sized 
office buildings, and factories, the output of the machines is 
not so large and such a heavily constructed board is not 
nec'essary. Fig. 58 sliows a typical board for an i.solated 
plant This is arranged for five feeders and two dynamos. 
The panels A and C accommodate the generator apparatus 
and the center panel B carries the five double-pole feeder 



56 


ELECTRIC LIGHTING. 


17 


switches .v. Each of these switches is provided with fuses /, 
as the current handled on each circuit is comparatively 
small and circuit-breakers are hardly necessary. Each gen- 
erator is provided with a triple-pole main switch 5 and a 
circuit-breaker M ; N, N are the ammeters, one for each 
generator, and V is the voltmeter, which may be connected 



Fig. 58. 


to either generator by means of the plug /and receptacles r. 
The lamps /, / are connected back of the main switch, so as 
to act as pilot lamps. The lamps X', k are for detecting 
grounds as previously explained. If a cheaper installation 
were required, main fuses might be substituted for the 
circuit-breakers T/, but otherwise the board shows about 
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the minimum amount of apparatus required for operating' 
two dynamos singly or in parallel on five feeders. Fig. 59 
shows the general scheme of connections with the c.xception 
of those for the ground detector, which have been omitted, 
as they are not essential. From the ex'planation already 
given with Fig. 57, there should be little difficulty in tracing 
them out. This is left as an exercise for the student. 



Fig. 59. 


46. On both the above boards, the equalizing connec- 
tion is shown as running to the switchboard and connected 
to the middle blade of the triple-pole switch. This is the 
general practice where the dynamos are of comparatively 
small capacity; but for large units it is now considered 
better practice, on the whole, to use double-pole or, two 
single-pole switches on the board instead of one triple-pole, 
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and run the equalizing connection directly between the 
machines. In this case, each dynamo is provided with a 
separate single-pole equalizing switch mounted on a stand 
near the machine. 


Al^TEllNATING-C ITRin^NT SWITCnHOARDS. 

47. The arrangement of ordinary alternaling-ciirrent 
boards is, in many respects, similar to that of direct-current 
boards. They are usually built up in panels in the same 
way as the boards previtnisly described. Owing to the fact 
that alternators are generally separately excited, the switch- 
board contains some extra apparatus conne(‘t<‘d with the 
exciter that is not found on direct-current boards. The 
wiring and connections will also depend on whether single- 
phase or polyphase alternators are used, and whether these 
machines are to be arranged for parallel running or not. 
It is thus seen that the number of different styles of board 
that may be used is very large. The following is intended 
merely to bring out some of the more imj)ortant points con- 
cerning the arrangement of such boards. 

48. Slngrle- Phase Generator Panel. — Fig. OO (a) and 
(/;) gives front and rear views of a typical alternating- 
current panel for one single-phase generator. Such a 
board would be used where only one single-phase machine is 
operated on a single line, and represents about as simjile an 
arrangement as possible. This panel is equipped with the 
following apparatus: main switch (7^ electrostatic' ground 
detector voltmeter r, ammeter d, field switch/, generator 
rheostat exciter rheostat //, main fuses and potential 
transformer /. The main switch a is of the (juick-break 
type and is provided with the marble barrier / between the 
jaws to prevent arcing across. The switch /is used to dis- 
connect the field of the alternator from the exciter and is 
provided with auxiliary carbon contacts to prevent burning 
the blades. The rheostat is mounted on the back of the 
board and is operated by a hand wheel in front. This 
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rheostat is connected in series with the field of the alter- 
nator, so that the field current may l)e adjusted. The 
rheostat h is in the shunt field of the exciter and serves to 
regulate the exciter voltage. In many cases the rheostat g 
is not used, the field current of the alternator being increased 
or decreased by raising or lowering the exciter voltage by 



Fig. «0. 


means of the rheostat h. It is best, however, to have the 
rheostat g also, especially if two or more alternators are 
excited by the same exciter, because it then allows the field 
current of each alternator to be adjusted independently of 
the others. The voltmeter c is connected to the machine 
through the potential transformer /, and a small voltmeter 
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switch e is placed in circuit so that the voltmeter may be 
cut out of circuit when not needed. The main fuses k are 
of the enclosed type previously described. No synchroni- 
zing device is needed on this board, as it is intended for a 
single machine only. 



49 . The rear view of the board will give a good idea as 
to the way in which the wiring is arranged. Heavy rubber- 
covered wire should be used for this work, and especial care 
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should be taken to see that everything is thoroughly insu- 
lated and neatly done. The leads from the alternator 
connect to terminals / and ^2 and th(‘ line connects to ter- 
minals 3 and Jf. The potential transformer t is mounted on 
an iron framework at the base of the board, and when the 
lightning arresters are placed on the board, they are usually 
mounted on a similar framework rather than on the back of 
the board itself. This makes them stand out so that they 
do not crowd the wiring on the back. Fig. 61 shows the 
general scheme of connections on a board similar to that 
shown in Fig. (50. It will here be noted that on this board 
the current is led directly through the ammeter, because 
the current output of the alternator is not large. If a very 
heavy current were to be handled, a current transformer 
might be used in connection with the ammtder. 

«>0, S witch boards for Parallel Kii millibar. — When 
alternators are operated in parallel, it is necessary to pro- 
vide bus-bars running across the back of the board and to 
have the different machines arranged so that they may feed 
into these bus-bars. In fact, the arrangement is very simi- 
lar to that shown in Fig. 57, with such modifications as 
are necessary to adapt the board to alternating current. 
Fig. (52 shows the connections for two three-phase machines 
arranged for multijile running, as used by the Westinghouse 
^'ompany. The alternators are connected to the bus-bars 
through a high-tension switch in the ordinary way. Main 
fuses are here provided between the alternator and main 
switch, and these fuses may or may not be placed on the 
switchboard itself. The field excitation is carried out in 
the same way described in connection with Figs. 60 and 61, 
about the only difference being that field plugs d are used 
instead of field switches. Three ammeters are provided for 
each generator, one in each leg of the three-phase system. 
In many cases, however, two ammeters only are used, as 
shown on thfe feeder circuit. T and T are the potential 
transformers that furnish current to the voltmeters F, V* 
and also to the synchronizing lamps /, The voltmetei 
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is also made to serve as a ground detector l)y using the plug 
switches A\ /v ' and ground keys k'. The synchronizing 





Fig. 62. 


lamps are connected to the transformers by inserting plugs 
and from the way in which the transformers are 
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connected, the lamps will be dark wIkmi the machines are in 
synchronism; by reversing the connections of on(‘ of the 
transformers, the lamps would be bright at syncdironism. 
When the voltmeter or synchronizer is in use, the plug 
SAvitches connect points o\ 1' and e, /. 

51. Sometimes when a num])er of altc'rjiators arc oper- 
ated in multiple, it is advisable to have their exadters 
arranged so that they may be o{)crat(‘d in multiple also. If 
one exc'iter breaks down, the others may then supply the 
alternator that would ordinarily lie supplual by tlu' disabled 
machine. Again, in large plants, it is (jiiitt* (aistomary to 
supply all the alternators with tluar held c urrent from one 
or two large exciters that feed into a ])air of exc'iter bus- 
bars, from whic'h th(‘ several alternators are su])])bed. 

Jluniilii«‘ Alteriintoi's Stparatedy. — In many 
li<>*hting i)lants, the alternators are not run in multiple; in 
fact, spc^eial prec'autions are takem to sex' that thewe is no 
possibility of their being thrown in multipl(‘ In such 
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cases, they are arranged so ihat the load may he divided 
between them. This is usually accomplished by using 
double-pole, double-throw switches, as indicated in Fig. GS, 
when two alternator.s are used. The upper set of bus-bars 
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is connected to one alternator and the lower set to the 
other. The upper terminals of each feeder switch are con- 
nected to the upper bars and the lower terminals to the 
lower bars. The feeders are connected to the middle ter- 
minals as shown. When all the switches are up, the alternator 
No. 2 is not running, and the whole load is carried by No. 1. 
As shown in the figure, circuits 1 and are on alternator 
No. i, because switches A and D are both thrown up. 
Feeder ’2 is on alternator No. 2, Feeder No. S is cut out 
altogether, as the switch blades are standing straight out 
and the circuit is not connected to either pair of bus-bars. 
It is easily seen from the figure that any circuit or combina- 
tion of circuits may be connected to cither alternator and 
that there is no possible way in which the switches can be 
thrown so as to connect the alternators together. It is 
well, when arranging circuit-changing switches for sepa- 
rately operated alternators, to see that there is no possi- 
bility of the machines being thrown together, because if 
this is done, it is apt to lead to disastrous results. In plants 
where a number of alternators of different types and sizes 
are run, it is not usual to operate them in parallel, as there 
is always more or less trouble in doing so. In such cases, 
by using different sets of bus-bars and changing switches 
the load can be divided up properly. 


POTENTIAI. KFGITT.ATOT18. 

53. Where a number of feeders are supplied from a 
single dynamo, it is often necessary to have some means of 
raising or lowering the pressure on these feeders independ- 
ently of each other. This matter has already been referred 
to in connection with direct-current plants where a booster 
is used in the circuit on which the pressure is to be raised or 
lowered. When alternating current is used, the pressure on 
the feeders can be easily raised or lowered by using what is 
known as a potential rej?ulator. These appliances, while 
not usually placed on alternating-current switchboards, 
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are so closely connected with them that it is thought advi- 
sable to mention them in this connection. There are a 
number of different types of these regulators, but they all 
take the form of a special type of transformer, the primary 
of which is connected across the mains and the secondary is 
connected in series with the mains. 

54. Stillwell Rejyulator, — One of the regulators that 
has been most largely used for lighting work is the Stillwell 
rcigiilator, brought out by the Westinghouse Company. 
The action of this regulator may be explained briefly as 
follows: Suppose, in Fig. (>4, that A is an alternator gen- 
erating a pressure of 1,000 volts and that we wish to raise 
the pressure to 1,100 volts on the line. If we connect a 
transformer with its primary wound for 1,000 volts across 
the line and its secondary wound for 100 volts in series with 
the line, the 100 volts pressure of the secondary will be 
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Fig. 64. 


added to or subtracted from that of the alternator, depend- 
ing on which terminals of the primary are connected to 
the mains. We will suppose that, with the connections as 
shown, the pressure is added and the voltage raised to 1,100 
on the line. It is evident that if the terminals r, d of the 
primary were reversed, the pressure would be lowered by 
100 volts. This simple arrangement would allow the pres- 
sure to be varied 100 volts either way. By dividing the 
secondary coil into a number of steps and providing the 
primary with a reversing switch, it is easily seen that this 
arrangement gives a means of varying the line voltage by 
steps through a considerable range. The Stillwell regulator 
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is made on this plan. Its general appearance is shown in 
Fig. (>5, and Fig. 00 gives a diagram of connections. P is 

the primary of the transformer 
and S the secondary divided 
into a number of sections con- 
nected to the contacts of the 
switch J/, as shown. A revers- 
ing switch h is placed in series 
with the primary, so that the 
|)ressure may be either raised or 
loAvered. The contact arm N 
is split into two parts that make 
t'ontact with the rings .r, r and 
a choke coil i. e., a coil wound 
on a laminated iron (‘orc, is con- 
nected between these rings. 
This is doru^ so that when the 
contact arm is ])assi ng from 
one of the contact points to 
the next, it will not short- 
circuit a section of the trans- 
former, because the choke coil 
has a counter E. M. F. set up in it, thus preventing any 
rush of current. By tracing out the connections, it will be 
seen that they are equivalent to those shown in Fig. (H, the 
secondary N being in series with the line and the primary 
connected across the dynamo terminals. In Fig. 65, the 
regulating switch is seen mounted in the top of the case, 
together with the regulating and reversing handles. 

55. A number of regulators are in use in which the volt- 
age in the secondary is varied by changing its position with 
regard to the primary, instead of cutting turns in or out. 
By having the secondary coil movable, it can be arranged 
so that the amount of magnetic flux passing through it can 
be varied, thus varying also the amount of the pressure 
added to or subtracted from the line. In other regulators, 
both the primary and the secondary coils are fixed, and a 



I 17 ELECTRIC LIGHTING. 67 

movable core arranged so that the magnetic flux passing 
through the secondary can be made to vary. Both these 
methods afford a means of obtaining regulation by more 



Fig. g6. 


gradual steps than can be obtained with the Stillwell regu- 
lator. Potential regulators are usually pla('ed at some 
point convenient to the switchboard, and in some cases the 
operating handles are mounted on the board itvself and are 
geared, by chains and sprocket wheels, to the regulator. 
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USE OF STORAGE BATTERIES IN LIGHTING 
PLANTS. 

56, Within the last 8 or 10 years, the use of storage 
batteries in connection with lighting plants has steadily 
increased, for the advantages to be gained from its use are 
so great that many of the largest stations in the country 
are now equipped with them. The load on all lighting 
plants is a variable one. During the day the load may be 
very light, while for a few hours in the evening it may run 
up to a large amount. As this period of maximum load is 
generally of not more than 2 or 3 hours’ duration, it is evi- 
dent that if no means of storing electrical energy were pro- 
vided, the plant would have to be equipped so as to handle 
this maximum-current supply. The result would be that 
the larger portion of the machinery in the plant would be 
idle for the greater part of the day, and, therefore, would 
represent so much investment that would not be earning 
anything. 

57. The storage battery, as an auxiliary in a lighting 
station, may be used in a number of different ways : 

1. It may be used to carry the ‘‘ peak ” of the load; i. e., 
it may be used to help out the dynamos during the interval 
when the load is heavy, for it can be charged during the 
daytime, when the demand on the dynamos is light. 

2. It may be used to carry the whole load of the station 
during intervals of light load, thus allowing the generating 
plant to be shut down for repair and inspection. 

3. Batteries may be installed in substations in districts 
where a large amount of light is used. These batteries may 
be charged, during the daytime, from the central station, 
when the load on the main feeders is light, and thus, when 
the heavy load comes on in the evening, they are able to 
relieve the main feeders by taking up a part of the lighting 
service. The use of storage-battery substations, therefore, 
allows many more lamps to be supplied without the neces- 
sity of laying more feeders, 
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58 . The above are the main uses to which a battery may 
be put, but there are many other incidental advantages. 
For example, the effect of a battery connected across the 
system is always to keep the voltage steady. By prevent- 
ing fluctuations in voltage, a more satisfactory service to 
the consumer is secured and lamps of high efficiency may 
be used. Again, the electrical energy stored in a battery is 
instantly available. Throwing a switch or two will put it 
into service, whereas it always takes more or less time to 
get a dynamo and engine started, especially if the units are 
very large. This is an important consideration, especially in 
large plants, because it provides against an interruption of 
the service in case of a breakdown. Moreover, in large city 
stations, the load often rises very rapidly; it may increase 
several thousand amperes in a few minutes, due to a sudden 
turning on of lights because of a storm coming up, and it 
takes time to start the large generating units, even if they 
are kept turning over slowly so as to be in readiness. 

59 . Battery Takings ‘‘ l*eak ” of Boad. — Fig. 07 shows 
the load curve of a large city station and illustrates how a 
battery may be used to relieve the generating machinery of 
the peak of the load. Shortly after 4 p. m. the load begins 
to rise rapidly and the battery is thrown into service, as 
indicated by the double-shaded area. The dynamos do not 
have to deliver more than 13,000 amperes, although the 
current used on the system rises to about 20,/>00 amperes. 
If the battery were not used, it is evident that sufficient 
machinery would have to be installed to handle 20,500 
amperes. The single-shaded areas represent the intervals 
when the battery is charging. By using a battery in this 
way, a station can, in very many cases, provide for an 
increased output without installing any additional dynamos, 
engines, or boilers, and at the same time it can work the 
existing machinery to the best advantage at or near its full 
capacity. Not only this, but the battery largely avoids the 
danger of overloads on the machinery, thus reducing the 
danger of breakdowns. 


J, 111,-23 
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60, Battery l^arryiiij? Wliole Lead on Station. — The 

curve, Fi^. GS, shows the load curve for the same station as 
that shown in Fi^. G7. This curve represents the load on a 
Sunday, and the load is very liglit compared with that 
shown in Fig. 67, because this station supplies a business 
district. It is seen that the generating plant is shut down 
altogether from 12.30 a. m. to 2 i\ m., thus giving an oppor- 
tunity for inspection or repair and allowing the station to be 
run with a small force of men. When the generators are 
started up at 2 i\ m., the batteries are charged, as shown by 
the single-shaded area, thus allowing the generators in use 
to be run at more nearly their capacity, instead of on a light 
load only. 


(>!• Battery SiipplyiniJr C'lirront From 8iil)Stations. 

The use of storage batteries in this connection will be under- 
stood by referring to Fig. 69, where A represents the 



central station and C one of the substations. The three- 
wire system is here shown, as this is the one most largely 
used in distribution of this kind. The network of lamps fed 
from the substation C is represented by IJ. Now the load 
of lamps represented by D may be much in e:H:c^ss of what 
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could be supplied by the feeders B without causing a pro- 
hibitive drop. If, however, a battery E F is installed at C 
on each side of the system, it may be charged from the 
central station during the daytime and thus relieve the 
feeders at night, when the heavy load comes on. In other 
words, by using the battery, the feeders are worked at a 
more uniform rate throughout the day, instead of being 
lightly loaded the greater part of the time and heavily taxed 
when the peak of the load comes on. The use of the battery 
in substations not only equalizes the load on the dynamos, 
but also allows the maximum amount of service to be 
obtained from the feeders. In the large cities, the use of 
storage-battery auxiliary stations has become almost a 
necessity on a('count of the increasing business. They 
avoid the expense of additional feeders and allow the addi- 
tion of a ('onsiderable load without necessitating the instal- 
lation of additional machinery in the main station. Usually, 
the battery is connected across the outside lines, though a 
switch should be provided, as shown, so that the middle 
point of the battery may be connected to the neutral, if 
desired. A battery used at the end of a set of feeders regu- 
lates automatically and requires no boosting arrangement. 
When the load is light, the pressure at the center of distri- 
bution is high and the battery is charged. When the load 
is heavy, the pressure at the center of distribution falls off 
and the battery discharges. 


BATTKBY EQUIPMENT EOR LIGHTING PEANTS. 

63. Capacity Ilequired. — The capacity of the battery 
that should be installed in any given case must be deter- 
mined wholly by local conditions, and depends very largely 
on the nature of the load that the station carries. It also 
depends on the way in which the battery is to be used. The 
only intelligent way to arrive at the capacity required is to 
lay out a number of load curves for the station in question, 
similar to that shown in Fig. 07. By doing this, the 
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number of ampere-hours that the battery should be ca])able 
of supplying can be approximated. In many cases, when 
installing plants of this kind, larger battery jars or tanks 
than those actually needed at the time are put in. The 
load is almost always sure to grow and the battery capacity 
may then be increased by simply adding a few more plates 
to each cell. 

6«3. Type of Cell Used. — vStorage cells designed for use 
in central stations must generally be of large .size. For 
medium-sized cells, glass jars are used; but for the large 
types, the plates are mounted in strongly built wooden tanks 
lined with sheet lead and supported on glass or porcelain 
insulators. The chloride cell has been most largely used 
for this work in America. The plates used in these large 
cells are the same in construction as those described for the 
smaller ones. Fig. 70 gives a good idea as to the appearance 
and arrangement of some of the largest cells in use. Each 
cell here contains 87 plates 154 in. x 32 in. The lugs /, / 
on the plates are burned on to the channel-shaped pieces r, 
which form the connections between the cells; d is the lead 
lining and c, c are glass rods for separating the plates ; n are 
the heavy copper conductors leading from the battery. The 
space occupied by a battery for a given output will depend 
on the w;iy in which the cells are arranged, i. e., whether in 
one or two tiers. Generally, however, J,0()0 kilowatt-hours 
can be stored per 100 square yards of space. The number 
of cells required in an installation will depend on the volt- 
age to be supplied. In large central stations operating on 
the three-wire 110-220-volt system, about 80 cells are used on 
each side of the circuit, though the exact number of cells 
depends considerably on the range of voltage required to 
meet special conditions. 

64-. Regulation of Batteries. — In order to fully charge 
the cells, it is neces.sary to have a voltage somewhat higher 
than that on which the system is ordinarily run. Of course, 
this might be obtained by running the generators at a high 
voltage, but in most cases this is not practicable, because the 
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machines are generally used to supply current for lighting 
at the same time that they are charging the cells. In order, 
then, to raise the voltage on the battery, a “booster’’ is 
used when charging is going on. In lighting work, the 
booster is not generally used for regulating purposes, but 
simply to add enough pressure to the dynamos to enable 
them to charge the batteries. In railway work, where the 
load fluctuates very rapidly, the boo.ster is so eonstriu'ted as 
to make the battery disc'harge when the load is heavy and 
charge up when it is light. In lighting plants, the booster is 
usually shunt-wound or com])ound-W()nnd and is driven by a 
motor. Fig. 71 shows one scheme of connections. Only the 
essential parts are here shown, .so as to illustrate the principles 
involved without confusing the diagram with the various 
instruments and switches. For this reason, also, a simple 
two-wire system is illustrated. 6' is the generator supply- 
ing current to the lamp load ].. A is the battery and B a 
number of cells at one end, from which connections are 
brought out to terminals r. A sliding contact d makes con- 
nection between contac'ts c and the bar c, so that by sliding 
the number of effective cells and, hence, the voltage of the 
battery may be increased or decreased as desired. This 
arrangement is known as an ond-ceU switch, and the 



cells i) are called end cells. B is a single-pole double-throw 
switch, by means of which the battery may be connected 
across G in series with the booster or directly across the 
line. In the figure, the switch is thrown up, as indicated 
by the dotted line, and the battery is being charged, because 
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the voltage generated in the booster armature is added to 
that of the generator. When F is thrown down, the battery 
A discharges into the line and the voltage may be regulated 
by means of the end-cell switch. 

65. In lighting installations, the necessary regulation 
can easily be effected by means of end-cell switches, because 
the load does not fluctuate with great rapidity, as in railway 
work. In most large plants, two end-cell switches are pro- 
vided in parallel, as indicated in Fig. 71, the second switch 
being shown dotted. This allows two different voltages to 
be taken from the battery, or in case of heavy loads the two 
switches may be operated together as one switch. 

66 . Since the end-cell switches must carry the current 
output of the battery, they must be substantially constructed 
and have contacts that are sufficiently heavy to carry the 
current without heating. The sliding piece d generally takes 
the form of a crosshead, which is moved by a screw that is 
driven either by a hand wheel or by a small electric motor 
controlled from the switchboard. 

67. From the above it will be seen that the storage bat- 
tery may be made a very valuable auxiliary, especially in 
large lighting plants. It must be remembered, however, 
that such batteries are expensive, and the question as to 
whether it will pay to put them in, in any given case, is a 
thing that must be looked into carefully. In large city 
stations, it no doubt does pay, as is shown by the large 
number installed. In smaller plants, where they cannot 
receive the same amount of skilled attention that they do in 
the larger ones and where the load handled is not, at best, 
very large, it may often pay better to install a larger genera- 
ting capacity than to use a battery. 
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ARC RiaiirrT^G. 

1, Introductory. — So far our attention has been con- 
fined to electric lighting by means of incandescent lamps, 
the methods of distributing the current, and the appliances 
used. We will now take up the subject of arc ll^iflitinK 
and consider the special methods used in connection with it. 
The arc light, as before mentioned, was first exhibited in 
public on a large scale by Sir Humphry Davy, who used a 
large voltaic battery for supplying the current. After the 
dynamo had been invented and the cost of generating elec- 
tricity thereoy greatly reduced, the arc light came into 
use commercially. At first it was used mostly in light- 
houses, but it was not long before it was used for street 
lighting, and it is now more generally used for such purposes 
than any other form of illuminant. 


THE ARC, 


OPEH AKCS. 

2. General Features. — If two carbon rods attached to 
the terminals of a dynamo, as shown in Fig. 1, are first 
touched together and then drawn apart a short distance, 
say about i inch, the current will continue to flow be- 
tween the points and the carbons will become heated to an 
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exceedinjj^ly hi^h temperature. An eli'etrie jirc may be 
formed in this way l)etween any j)air of conducting ter- 
minals; for example, an arc might be formed between two 
copper or iron rods. In this case, however, the metals 
would be raj)idly melted away; carbon, therefore, is always 
used because it is capable of standing the high tempera- 
ture without being consumed too ra]:>idly. The color of 
the arc depends on the material used for the electrodes; the 
arc formed between carbon is very brilliant, almost ap- 
proaching sunlight. A'iolet rays are always present to some 

extent and give the arc 
light the well-known vio- 
let tinge that is often 
(juite pronounc'ed. An 
an' between copper elec- 
trodes is of a greenish 
tinge, while an arc be- 
tween iron terminals is 
accompanied by a bril- 
liant shower of sparks. 
An arc may be formed 
between carbon and copper or carbon and platinum, the 
carbon in both cases being used for the upper or positive 
cdec*tro(U% as the terminals are often called, and the cop- 
per or platinum for the lower electrode. This arrange- 
ment has been used in a few isolated cases. For example, 
an upper positive carbon and lower co])per electrode have 
been used in one form of locomotive headlight. It is im- 
portant when this arrangement is used to see that the 
upper carbon is connected to the positive pole of the dy- 
namo, so that the current flows from the carbon to the 
copper. If it fl(nvs the other way, the copper or platinum 
electrode will soon be burned away. 

3. After the carbons have been separated for a time 
they take on the appearance shown in Fig. 2. This repre- 
sents an open arc, or an arc formed in the open air, as 
distinguished from one that is formed in a confined space 




§18 


ELFXTRIC LIGHTING. 


3 


where very little oxygen is present 
be used because of the small bow- 
shaped or arc-shaped flame that 
may be seen playing* between tlie 
carl)on points. This flame is tlie 
arc I'.roper and consists of incan- 
descent carbon vapor that con- 
ducts the current across from 
point to point. This flame, or 
arc, of carbon vapor acts in tlie 
same way as a wire carry inj;* a 
current. If a ma^i^nct is brouglit 
near it, the arc will ])C foia'cd over 
to one side, and if th(‘ maiL^iK't is 
strong enough, the arc will be 
stretched out until it is 1)rok(m. 
Also, the arc itself, under ordinary 
working conditions, will be sur- 
rounded by a magnetic fa'ld, and 
it is, no doid)t, this f-eld that 
causes the arc to assume the bow 


The term are came to 



FIO. 2 . 


shape. The flame kee|)S shifting around the points as the 


carbons l)urn away. 



4, Direction of Grirrent. — The shape 
of the carbon points de|)ends on the direc- 
tion in which the current flows. In Fig. 1, 
the top carbon is supj)Osed to be the 
positive one, .s^) that the current flows 
from the top to the bottom, as is nearly 
always the case in practice. Fig. 3 shows 
a section of the carbons, and it will be 
noticed that the upper or positive one be- 
comes hollowed out slightly, as shr)wn at 
while the lower one l)ecomes pointed, dflie 
hollow a is known as the eraUn% and is 
the seat of the greater part of the light 
given out by the arc. When the arc is in 


Fig. 3. 
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operation, the carbon becomes volatilized at the crater, and 
this vapor of carbon conducts the current to the negative car- 
bon. Although the temperature of the negative carbon is 
high, it is not nearly so high as that of the vapor and, 
hence, the latter is condensed on the negative tip forming 
the point or else is thrown off. Only a portion of the vapor 
is so condensed; part of it combines with the oxygen of the 
surrounding air and the burning carbon monoxide may be 
seen surrounding the arc as an envelope of bluish flame, 
similar to that which appears over the coal in an ordinary 
coal stove. The positive carbon wastes away approxi- 
mately twice as fast as the negative, as it is maintained at 
a much higher temperature. 

5. Temperature of the Are. — The temperature of the 
electric arc is the highest that has yet been produced by 
artificial means. Its exact temperature is difficult to deter- 
mine, but it is estimated to be about 3,500° C. Some idea as 
to what this means may be obtained when it is known that 
a temperature between 1,700° and 1,800° C. is sufficient to 
melt platinum, the most difficult of all the metals to melt. 
The high temperature of the arc has been made use of in 
connection with various kinds of electric furnaces. The 
carbon in the crater is vaporized; hence, the temperature 
attained must be that of the boiling point of carbon. An 
increase in the current does not increase the temperature 
any, but it does increase the size of the crater and, hence, 
the total amount of light given out. If very powerful 
lamps are required, large carbons and heavy currents are 
used, so as to get a large crater. This is done in lamps 
used for searchlights. For ordinary commercial street light- 
ing, the carbons are usually about 4 inch in diameter, 
though sometimes larger carbons are used to make the 
lamps burn longer. 

6, Volta^^e of tlie Arc. — If the voltage across the ter- 
minals of an ordinary open-arc lamp is measured, it will be 
found that it usually lies between 40 and 50 volts, depending 
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on the length of the arc; 45 volts may be taken as a fair 
average. This total voltage may be looked upon as made up 
of three parts: (^) That necessary to overcome the resist- 
ance of the carbons and the parts of the lamp mechanism 
through which the current has to flow ; (/>) that necessary 
to overcome the resistance of the carbon vapor between the 
electrodes; {c) that which multiplied by the current repre- 
sents the energy necessary to volatilize the carbon. 

The E. M. F. necessary to overcome the resistance of 
the carbons and lamp mechanism is not very large; in 
most lamps it will not be more than 5 or (> volts, of 
which 3 to 3.5 may represent the drop in the carbons 
and the balance is in the mechanism and various contact 
resistances. 

The E. M. F. necessary to overcome the resist anc'e of the 
arc proper is also small, but depends to a certain extent on 
the length of the arc. In most cases it will not be more 
than 5 or G volts. 

Since the voltage across the lamp is, say, 45 volts and the 
combined drop due to the resistance of the carbons, lamp 
mechanism, and arc proper is, approximately, 10 volts, it 
follows that the balance (about 35 volts) multiplied by the 
current represents the number of watts expended in bring- 
ing the carbon up to the boiling point and causing it to 
volatilize. This voltage is often spoken of as the counter 
E. M. F. of the arc, but this term is not so commonly used 
as it once was. It is evident that quite a large amount of 
energy must be expended to bring the carbon up to the 
boiling point, and it is now generally admitted that the 
large balance of voltage required over and above that 
necessary to overcome the various resistances is a conse- 
quence of the power necessary to volatilize the carbon. 
The above values of the voltage are fair average values foi 
open-arc lamps operated with direct current, but they may 
vary somewhat with different makes of kimp. The actual 
voltage across the arc is continually varying when the lamp 
is in operation, but in a well-adjusted lamp it should not 
vary through wide limits. 
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7 . Current. — Ordinary direct-current open-arc lamps 
are usually operated with current ranging from G to 10 am- 
peres. Very common values for the cur- 
rent are G.G amperes for lamps giving 1,200 
nominal candlepower and 9.0 amperes for 
those giving 2,090 nominal candlepower. 
The exact value of the current is different 
in lam})s of various makes, but whatever it 
may be, it is essential that it be maintained 
at a constant value if the lamps are to work 
jiroperly. If the current becomes larger 
than that for which the lamps are designed, 
they will overheat and the carbons will 
flame badly and the service will be generally 
unsatisfactory. Open-arc lamps may also 
be o])erated with alternating current, but 
they are not as satisfactory as those using 
direct c'Lirrent either as regards light-giving projierties or 
general performance. In the case of the open alternating 
(uirrent arc, both carbons become pointed or have very small 
craters, so that the light is thrown upwards muc'h more 
than with the dirc'ct-current lamp Also, since the current 
flows alternately in opposite directions, the rate of con- 
sumption of the two carbons is more nearly equal. Fig. 4 
shows the general form of the carbons with an open alter- 
nating-current arc. 



LJ 

Fig. 4. 


ET^CTX)SET) ARCS. 

8. (fOiieral Descriiition. — So far all that has been said 
with regard to the elec'tric arc relates to arcs set up between 
carbon points placed in the open air. Within a compara- 
tively rcH'ent date, enclosed ares have been coming into 
extensive use, and bid fair to take the place of the open arc 
altogether. The (‘uclosed arc differs from the ordinary open 
arc in that it is surrounded by a small globe that practically 
excludes the air. Fig. 5 shows the general arrangement of 
the carbons and the enclosing globe. (7 is a glass bulb from 
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5 to () inches long and about 3 inches in diameter, provided 
with an opening at each end. The lower end is held by 
a holder C and the lower edge Ji of the globe is ground 
so that but little air can get 

in at the bottom. In some i p 

makes of lamps an asbestos 1 

washer is used between the / : \ 

lower edge of the gl<d)e and / i I \ 

the holder, to make a tight / ' ^ \ 

joint and distribute the ; ,1 I 

strains on the glass. The j 

lower carbon B is clamped \ -f 

in the holder C\ The to]) ^ i 

of the bulb is ground smooth ; -j 

and su])ports a ?a:iis cap o\ jo 

with a hole in the center, \ I I 

through which the })ositive \ Y ‘ 1 ““ / 

carbon passes. This ])late is \ ^ / 

not fastened to the bulb, but \ ‘ J / 

is free to move about a little, \ ^ / 

and the hole in the center is \ / 

just large enough to allow \ \ ( 

the positive carbon to move J ^ | p 

up and down freely. It is (fin m ) 

necessary to have the plate * W ^ l 

itself free to move, in order 
to get the carbons in line y 
and prevent binding due to \ ^ ' 

any slight irregularity in the ^ ' * — ' 

carbon. Since the top of 

the glass and the lower surface of the jilate are ground 
plane, little air can get in between tin m, and the only place 
where much air can enter the bulb is at the hole in the 
center of the top jilate, through the small space between 
the carbon and the jilatt* itself. 

In the plate shown in the figure, there is an annular 
groove a around the carbon. This leaves less surface for 
the carbon to rub against and affords a space in which 
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eddies are formed by the hot air passing up, thus further 
tending to keep out the cold air. 

The above is intended merely to illustrate the general 
arrangement of the enclosed arc. The methods of holding 
the globe and the arrangement of the lower carbon holder 
differ in the various makes of lamp. A number of different 
styles of gas cap P are also in use, and the satisfactory 
operation of the lamp depends to a considerable extent on the 
design of this part. 

9 . As soon as the carbons are drawn apart an arc is 
formed, as in the ordinary lamp, but the oxygen in the globe 
is soon burned out and the gases present become rarefied, 
because the heat of the arc causes them to expand and pass 
out. The globe is not air-tight and there is always a small 
amount of oxygen present. This, however, is not enough 
to cause anything like the rapid combustion that takes place 
in the case of the open arc. The arc practically burns in 
a hot atmosphere of nitrogen, carbon monoxide, carbon 
dioxide, and a small amount of oxygen. This latter is just 
about sufficient to combine with what carbon is thrown off 
and prevent its being deposited on the glass. If a lamp is 
in good condition, it will burn anywhere from 80 to 150 hours, 
depending on the design, without renewing the carbons. 
The bulb in time becomes coated with a light-colored 
deposit, sometimes mixed with a little carbon, which comes 
principally from impurities, such as silicon. This deposit 
does not cut off the light to any great extent if it is not 
allowed to become too thick. If the current passed through 
the lamp is excessive, the globes will become blackened or 
even melted. It is not usually advisable to burn these lamps 
more than 120 hours, as the deposit becomes so thick as to 
cut off a considerable amount of light. 

10 . Consumption of Carbons. — One of the most 
striking features of the enclosed-arc lamp is the slow con- 
sumption of the carbons. This is, of course, due to the 
absence of oxygen in the enclosing chamber. With the ordi- 
nary open arc the positive carbon is burned at the rate of 
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about inches per hour, while in an enclosed-arc lamp the 
consumption varies from .07 to .08 inch per hour. Enclosed- 
arc lamps may, therefore, be made to burn a long time with- 
out trimming; some have even been made to burn as long 
as 200 hours. This is one of the features that has led to 
the extensive introdiu'tion of this type of lamp. As in the 
open arc, the negative carbon of the direct-current enclosed 
arc burns about half as fast as the positive carbon ; with 
alternating current, the consumption is more nearly equal. 

1 1 . Voltaire and — If the carbons of an open 

ar(' be pulled apart a distance more than enough to give 
from 40 to 4.5 volts a('ross the are, they will flame badly. On 
the other hand, the enclosed-arc lamp is operated with a 
long arc, about J inch, and it burns quietly. If a sh('>rt arc 
is used in the (.nudosed ar(', it is found that soot or ('arbon is 
deposited to such an extent that the lamp becomes useless; 
long arc's ar(‘, therefore, essential in these lamps. This 
allows them to be operated at a high voltage, and many 
of them take from 70 to 80 volts across the arc. They 
usually operate with a smaller current than the open-arc 
1 imps, some of them taking as low as 2^ to 3 amperes. The 
advantage of using a high voltage and small current will be 
seen when we come to consider the operation of lamps in 
parallel on constant-potential ('ircuits. Encloscxl-arc lamps 
have also been built to operate on 220- volt circuits. Such 
lami)s burn with a very long arc and are not quite as efficient 
as the ordinary 110-volt lamp, to which the above figures 
refer. 

iJd, (diaraeter of Knclosed Are. — Fig. 0 gives a general 
idea of the appearance of a direct-current enclosed arc. 
The student should compare this with Fig. 2. In the 
enclosed arc the carbons are separated by a wide gap, but 
the principal differeru'e is that they d(j not take on the 
pointed shape. The ends of the carbons remain nearly flat 
and the arc keeps continually shifting around o\a;r the ends. 
The flat shape of the ends is, no doubt, due largely to this 
tendency of the arc to shift around. The light given out is 
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soft and tinged with violet rays, having much less of the 
dazzling appearance so well known in connection with 
the ordinary arc. In the alternating-current enclosed arc, 
the lower and upper carbons are of about 
the same temperature and the light is 
thrown up more than with the direct-cur- 
rent arc. The carbons have, however, 
the flat-ended appearance and the arc 
shifts around even more than that of the 
(lii ect-current enclosed arc. 

1 Open Vei*siis (Closed A res. — There 
has been, and still is, a great deal of dis- 
cussion as to the relative advantages of 
open and enclosed arcs, especially for 
street lighting. For interior illumination, 
there can be little question as to the superiority of the 
enclosed arc. The light is very much softer and steadier 
and, in addition, the Are risk is less, because a large outer 
globe is usually provided in addition to the small enclosing 
globe. For street lighting, their advantages have not been 
quite so pronounced. Open-arc lamps have now been used 
for so many years for this work and have, on the whole, 
given such good satisfaction that they are not so easily 
replaced as in the case of interior lighting. At the same 
time, it is no doubt true that enclosed-arc lamps are oust- 
ing the older style open-arc lamps even for street-lighting 
work, and it is claimed that a considerable saving is effected 
by the change, principally because the cost of trimming and 
the cost of carbons is less. Of course, there is the renewal 
of broken inner globes in the case of the enclosed lamp, and 
also the additional work of keeping these globes clean, but 
even taking these items into account, the advocates of the 
enclosed-arc lamp for street lighting claim that a saving of 
$8 to $10 per year ])er lamp can be effected. 

Wherever lanq)s must be operated by alternating current, 
the enclosed-arc lamp is extensively used and practically 
has the field to itself. The alternating-current open-arc 
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lamp never proved a decided success. It usually made a 
loud humming noise and could not compete well with the 
direct-current arc lamp as an illuminant. The alternating- 
current enclosed-arc lamp has, however, been brought to 
such a state that it gives satisfactory service. The mec'ha- 
nism has been designed so that little noise is possible, and 
the enclosing of the arc prevents the humming of the arc 
itself from being loud enough to be objectionable. AVhile, 
however, the alternating-current enclosed-arc' lamp is miuii 
superior to the alternating-current o])en-arc lamp, it can 
hardly be said that it is capable of giving as good all-around 
service as the direct-current enclosed-arc lamp. No doubt, 
still further improvements will be made that will put it 
more nearly on a level with its direct-current rival. 


ARC-LKJIIT CAllHONS. 

14 . Arranj^cmetit of Carbons. — In nearly all the 
lamps used for ordinary ])urposes, the ('arbons are arranged 
vertically, one above the other, as shown in h'^ig. 2. When 
arranged in this way, the top carbon should always be the 
positive one when dire('t current is used, otherwise the 
crater will be formed in the bottom carbon and most of 
the light will be thrown up instead of down. When lamps 
are first connected iij), they should be allowed to burn for 
a short time, and if the crater makes its appearance in the 
bottom carbon, the connections to the lamp terminals should 
be reversed. Of course, with alternating current it makes 
no difference how the lamp is connected in circuit, as the 
current is continually reversing anyway and both carbons 
burn alike. It is an easy matter to tell when a direct-cur- 
rent lamp is correctly connected. Allow the lamj) to burn 
for a short time, then switch it off and see whi(‘h carbon 
remains bright the longer. The positive carbon is much 
hotter than the negative, hence the negative carbon is the 
one that becomes dull first. 
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15 . F(ir use in stere()i)tic()ns and other projection appa- 
ratus, the carbons are often inclined at an angle, as shown 

in Fig. 7. The object 
in doing this is to allow 
more of the light from 
the crater to reach the 
lenses. In searchlights 
a similar arrangement 
is used, only the car- 
bons are often slanted 
the other way and the 
light is reflected from 
a jiarabolic reflector or Mangm mirror, as sliown in Fig. 8, 
which shows the are placed at the focnis of a parabolic re- 
flector Jlf. The rays 
of light upon striking 
the mirror are reflected 
out paralhfl to each 
other, and as they are mi 
thus kept bunched to- 
gether the light may 
be made to penetrate 
long d i s t a n e s. A 
small concave reflect- 
or is usually placed, as 
shown at r, to throw the rays of the are that would ordi- 
narily pass outwards back towards the main reflector. 

A parabolic ground-glass silvered mirror is used in the 

United vStates Navy, but for 
ordinary commercial work 
the Mangin mirror is used, as 
it is cheaper and easier to 
make. It is a glass mirror 
having two s})herical sur- 
faces A, B of different radii, 
as shown in Fig. 9. The 
back surface A is silvered 
and the rays are reflected 
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from it. As the glass is thicker near the edges than 
it is in the middle, the rays are there bent or refracted 
more than they are at the center, and l)y making the mirror 
of the proper dimensions it can be made to relieet the rays 
in a horizontal direction and give practically the same effect 
as the parabolic mirror. 

Fig. to shows another arrangement of carbons that is 
used in searchlights. In this case the positive carbon is 
larger than the negative, 
and both carbons are ar- 
ranged horizontally. The 
crater, therefore, points 
directly at the mirror. 

This is the arrangement 
now most extensively used 
in America both for naval 
and commerc'ial work. 

In all cases Avhere are lainjis are used in connection with 
mirrors or lenses for jirojection work, it is essential that the 
arc be kept in the foc'us of the mirror or lens. The lamps 
must, therefore, be arranged to move the ('arbons towards 
each other as they are consumed, and they must do this in 
such a way that the position of the are will not change. A 
lamp that docs this is known as a f’oeuslii^g lariip. For 
ordinary lighting, it is not essential that the arc be kept in 
one place, so that the lower carbon is nearly always fixed 
and the arc maintained by allowing the upper one to move 
downwards as the carbon is ccmsumed. 



Fig. 11 shows a rather peculiar arrangement that is used 
for stereopticon lamps. Here the carbons are arranged 


i 



Fig II. 


at right angles to eacl) 
other. The lamp mech- 
anism moves JJ out in 
a horizontal direction, 
and C upwards as they 
burn away, so that the 


arc is always maintained in the same position at a. The 


position of C keeps it from interfering with the lens /, and 
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allows the greater part of the crater in the end of B to be 
exposed. 

16 , Composition of Carbons. — Carbons used for ordi- 
nary open-arc lamps in America are composed principally of 
petroleum coke. This is made from the residue left from 
the distillation of petroleum. It is ground up and mixed 
with a binding material, such as tar, or a similar substance, 
and is then molded into rods. Sometimes the rods are 
made in molds under a heavy pressure, but more frequently 
they are made by forcing the material through dies. The 
rods are then gradually dried and afterwards baked or fired 
at a high temperature. Gas-retort carbon has also been 
used for the manufacture of arc-light carbons, the exaet 
comiiosition used varying with different makers. 

17 . For enclosed-arc lamps a very much finer quality of 
carbon is required than for the open-arc lamp. If the car- 
bons used in these lamps are at all impure, the 
impurities become volatilized and are deposited on 
the inner globe. Enclosed-arc carbons are, there- 
fore, made principally of lampblack, which is prac- 
tically pure carbon, and are considerably more 
expensive than the ordinary carbons made from 
petroleum coke. They must be straight and of 
uniform diameter, otherwise they will not pass 
through the cap of the enclosing globe properly. 

The tendency of the arc to wander around the 
ends of the carbons has already been mentioned. 
This is especially the case with alternating current, 
and in order to hold the arc in the center, cored 
carbons are used. Fig. 12 shows a cored carbon; 
it is so called from the core a running through it. 
A small hole runs through the center of the carbon, 
and this is filled with a much softer material than 
Fig. 12 . surrounding part. Some makers use cored car- 
bons for both the -f and the — electrodes of alternating-cur- 
rent lamps, while others use them for the + electrode only. 
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Cored carbons are used more particularly with altcrnatino-. 
current lamps, as the plain carbons usually ^ive satisfac- 
tory service with direct current. Searchlights are almost 
wholly operated by direct current and the ])ositive carbon is 
generally cored, as it is important to keep the arc in one 
place as much as possible. 

Whatever kind of carbons may be used, it is essential that 
they be as pure and as uniform in quality as j)ossible If 
many impurities are present, they may intcrftu'e seriously 
with the quality of the liglit. Of ('ourse, impurities ar(i 
especially bad in the case of the enclosed arc on a('count of 
the deposit caused on the inner globe, but even in tin* open 
arc they are objectionable be('ause they volatilize at a much 
lower temperature than the carbon and thus tend to lower 
the temperature and light-giving properties of the arc*. 
Hard spots in the carbons will cause uneven burning and 
carbons that are too soft are apt to ilamci badly. Hard 
spots will also give rise to hissing 

Carbons used for open-are lamps are usually electroplated 
with a thin coating of copper. This increases their conduc- 
tivity and makes them burn more uniformly and last longer. 


PHOTOMRTUY OF TIIK ATU^ T^AMP. 


I^KniT 1>ISTKIHITT1()N. 

18 . The light given out by an incandescent lamp is 
fairly uniform in all directions, assuming, of ('ourse, that 
the lamp has no shade on it. On the other hand, the light 
given out by an arc lamp with a clear globe varies greatly 
in different directions. Since the manner in which an arc 
lamp distributes its light is of the greatest importance, it 
will be well to examine the peculiarities of some of the more 
important types. It will not be necessary here to go into 
the methods of measuring the light intensity. It is usually 
done by means of a Bunsen or similar photometer, with the 
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arc lamp so arranged that its candlepower may be meas- 
ured in any direction. 

19 . Before going into the subject of light distribution 
a few points with regard to globes may not be out of order 
Ordinary open-arc lamps used for street lighting are gener 
ally provided with clear globes. A clear globe will cut of! 
from 0 to 10 per cent, of the light, and if it is dirty it will 
cut off more. Sometimes opal globes are used, especially 
if the lamp is used for interior work. An opal globe softens 
the light and does away with the sharp shadows that art 
always present with a clear globe. In other words, an o])al 
globe alters the distribution of the light considerably and 
avoids the deep shadows underneath the lamp. At the 
same time, a globe of this kind cuts off from 30 to 40 per cent, 
of the light; in fact, if the globe is very milky it may easily 
cut off 50 or 00 per cent. In the case of the enclosed-arc 
lamp we have, in addition to the outer globe, the inner 
globe, and hence the amount of light cut off is somewhat 
increased. Reflectors are used much more largely with the 
alternating-current arc lamp than with the open arc, because 
the former tends to throw its light to a greater extent 
above the horizontal, and by using the reflector this light 
can be thrown downwards and utilized. 

20. Open- Arc Diroet-Ciirrent Tjanii)s. — The distribu- 
tion of light fn)m an ordinary open-arc lamp is about as 
shown in Fig. 13. This represents the variation in the 
intensity of the light at different angles above and below 
the horizontal line passing through the arc that is located 
at a. The distance from a, measured along the radius at 
any given angle, is proportional to the candlepower of the 
lamp when viewed from that position. For example, the 
light reaches its greatest intensity at a point about 45° below 
the horizontal and then rapidly diminishes on both sides of 
this point. Directly above or below the arc there is, of 
course, little or no light, as the arc is obscured by the frame 
of the lamp and the carbons themselves. The open arc 
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throws out comparatively little lig^ht in the horizontal direc- 
tion, and the quantity of light thrown upwards is small. 
It is thus seen that the plain open-arc lamp using a direct 
current as it stands, without any reliector and with simply 
a clear-glass globe, gives a good distribution of light for 
street lighting IxM^ause, on account of the formation of the 
crater in the upper carbon, it throws the bulk of its light 



downwards at an angle of about 45”, where it is most needed. 
This is one of the reasons why the dircct-c'urrent open-arc 
lamj) has proved so successful for stnict lighting. If the 
deep shadows directly under the lamj) are objectionable, 
they may be softened by using a clear globe with the lower 
half ground. 

31 . Open-Arc Alternating?- Current Lamps. — The 

distribution from an alternating-current open-arc lamp is 
not of much practical importance because these lamps are 
now seldom used. It is, however, instructive to compare it 
with Fig. LI. Fig. 14 shows the general distribution from 
an alternating-current open arc, as determined by Uppen- 
born. It will be noticed that a great deal of the light is 
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thrown above the horizontal. This is because the two 
carbon points are alternatively positive and negative, so 

that both become heated 
to nearly an equal amount. 
Such a lamp, to be effec- 
tive for street lighting, 
should be provided with a 
reflector to throw the light 
down where it is wanted. 

The curves shown in 
Figs. 13 and 14 represent 
average distributions. It 
must be remembered that 
the arc always shifts 
around more or less, and 
hence the shape of the 
distribution is constantly 
changing and makes the 
measurement of the light 
given out in the various 
directions an exceeding- 
ly difficult matter. The 
curves will, however, en- 
able the student to note 
the marked difference in 
the light distribution of 
the alternating-current open arc as compared with the 
direct -current open arc. 

closed- A I’c Dii’eet-Ciirrc'iit Tramps. — There 
has been a great deal of discussion regarding the light- 
giving properties and efficiency of the enclosed arc as 
compared with the open arc. The data here given is 
abstracted from a report of a committee of the National 
Electric Light Association on tests made by Prof. C. P. 
Matthews, and is probably as unbiased as any obtainable. 
Fig. 15 shows the average of curves from direct-cur- 
rent 110-volt enclosed-arc lamps used on constant-potential 
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circuits. Curve u4 shows the distribution when the lamp is 
provided with an opalescent inner globe only; there is no 
larger outer globe. The student should compare this curve 
with that shown in Fig 13 for the open arc. It will be 
noticed that with the enclosed arc, the light is of fairly large 
intensity through a considerable angle below the horizontal. 
In this case, the maximum value is approximately 300 candle- 
power and occurs about 
30"' below the horizontal. 

This is considerably less 
than the intensity given by 
an open arc, at about 40 to 
4:5^ below the horizontal, 
but the light from the latter 
falls off very rapidly on each 
side of the maximum point, 
whereas in the enclosed arc 
it is fairly well maintained 
through a considerable an- 
gle. Curve shows the 
distribution when the lamp 
is provided with a clear 
outer globe in addition to 
the inner opalescent globe. 

The effect is to slightly cut 
down the intensity as a 
wliole. Curve C shows the 
effect of using an outer 
opalescent globe. It is 
easily seen that the effect 
is to make the light approx- 
imately uniform in all directions at the expense of greatly 
cutting it down. 

The distribution of light from an enclosed-arc lamp is sub- 
ject to considerable variation. It depends to some extent 
on the shape of the enclosing globe and also on the thickness 
of deposit on it. It also depends on the position of the arc 
in the enclosing globe. 
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23. Enelosed-Arc* Alteriuitiii^<-("urrent Lamps. — The 

direcl-ciirrent lamp gives a better distribution for street 



lighting than the enclosed- 
arc alternating-current, 
and, on the whole, the lat- 
ter is not quite as efficient 
as the direct-current. If, 
however, full benefit is 
to l)e obtained from the 
liglit given by the alter- 
nating-current e n c lo s e (1 
arc, a reflector of some 
kind must be used. This 
is shown by the curves in 
Fig. 1(5. Curve repre- 
sents tlie distribution from 
an enclosed-arc alterna- 
ting-current lamp that has 
an opalesc'ent inner globe 
and a clear outer globe. 
It will be noticed that a 
large quantity of light is 
thrown above the horizon- 
tal, as in the case of the 
open-arc alternating-c u r - 
rent lamp. Curve shows 
the distribution when the 


same lamp is provided with a reflector. The curves show 
how the light that would ordinarily be thrown upwards 
and, lu'iK'c, would be of little or no use for street illumina- 
tion, is made available. Thus equipped with a reflector, 
the alternating-current arc makes a better showing against 
the direct -current. The alternating -current enclosed arc 
equipped with a reflector is rapidly finding favor as a street 
illuminant, though it may not be quite as efficient as the 
direct-current arc; its use in many cases so simplifies the 
outfit required at the station that the slight difference in 
the efficiency of the lamps themselves is more than made up. 
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This will l)e more apparent later when we eoine to consider 
the various systems of supplying lam])S with current. In 
Fig, 1(5^ curve I> shows the distribution given by an alter- 
nating-current enclosed-arc lamp when used with opalescent 
inner and outer globes. 


CANDr^KPOWKH OF AIK) LAMPS. 

24. The candIe})owcr of an arc lamp is a rather indefi- 
nite quantity. In making comjiarisons between different 
lamps, the only way to mak(‘ such a ('oinpanson that is at 
all fair is to take the mean s]>hcri('al candlcpower of the 
lamps, 1 . e , what their ('andlcpowcn* \\oidd be if it were 
equal in all direc'tions, instead of varying, as indicated by 

' the curves just shown. In comparing incandescamt lamps, 
it is usually siitlicient to compare their nu'an horizontal 
candlcpower as obtained by spinning the* lamp, l)iit in 
the case of an arc lamp the distribution is so irregular that 
the mean spherical ('andlepowcn* must be takim. Again, tin* 
candlcpower of an arc lamp as given out in the various 
directions is a difficult thing to imaisurc* accuratidy with th(‘ 
photometer. Idle arc always keeps shifting, and tlu; int(*n- 
sity of the light is siibjed to such variations that a larg(“ 
number of settings of the Ifunsen s('r(‘en must be made to 
obtain anything like average rc'sults. 

25. In the early days of eledric lighting it was cus- 
tomary to s])eak of the ordinary lamp as giving 2,000 tandle- 
])ower or 1,200 candlcpower. The (‘andlcjiower of these 
lamps was not nearly as high as tliis. It is barely possible 
that under excejitional conditions the light given out in 
the DiaxiDimn direction might have reached these figures, 
but the average candlcpower was nowhere near 2,000. 
About 2T5 to laO would be neanu' the mark. This old 
rating gave rise to a great d(\d of trouble, as customers 
were often told that the lamps should givcj 2,000 (‘andlepower 
and that the lighting companies were not living up to their 
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contract. It has become customary, therefore, to specify arc 
lamps as taking so many watts instead of supplying a cer- 
tain number of candlepower. This is, generally, more 
satisfactory, because the watts can be measured at any 
time, to see if the contract is being lived up to. The lamp 
formerly rated at 2,000 candlepower has thus come to mean 
one that is supplied with 450 watts, and a 1,200 candlepower 
one that is supplied with 300 watts. The ratings 2,000 
and 1,200 candlepower should never have been applied 
to these lamps in the first place, as they have absolutely 
no meaning. As has been stated, the mean spherical 
candlepower of an ordinary direct-current open arc is, 
generally, somewhere between 375 and 450 candlej)ower. 
The mean spherical candlepower represented by curve ^4, 
Fig. 15, is about 223; curve B, 181; curve 155. For 
the alternating-current lamps, represented by Fig. lO, the 
mean spherical candlepower for curve A is about 1 40 ; for 
curve 114, 

26 . I’ower Consumx>tioii i>er Candlepower. — The 

number of watts that must be supplied to the terminals of 
an arc lamp per mean spherical candlepower will depend on 
the construction of the lamp and on the ('onditions under 
which it is used. For example, when direct-current lamps 
are operated on 110-volt direct-current circuits, it is nec'cs- 
sary to have a resistance in series to take up the voltage* 
over and above the 80 volts required by the arc, and even 
if the line voltage were suited to that of the arc, a resist- 
ance would still be necessary to make the lamp regulate 
properly, as will be explained later. The waste in this 
resistance may amount to as much as 140 or 150 watts, and 
this lowers the general efficiency of the lamp. When lamps 
are operated in series, this resistance is not necessary and 
the waste in the lamp is less. An ordinary series open -arc 
lamp requires about 1.2 watts per spherical candlejiower. 
A direct-current enclosed arc requires about 1.8 watts 
per spherical candlepower, not counting the power lost 
in the resistance. If a resistance is used, as in the case 
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of the lamp operated on llO-volt direct current, the power 
consumption per candlepower will be 2.3 to 2.4 watts. 
For example, the lamp represented by curve y/, Vi^. 15, 
took 4.9 amperes at 110 volts or 539 watts, of wliich 
147 watts were wasted in the resistance and 392 watts 
taken up at the arc. The lamp gave about 223 mean 
spherical candlepower; hence, the total number of watts 
per candlepower was y| = 'b4. Not counting the loss 
in the resistance, the watts per candlepower would be 
1.8, nearly. 

The alternating-current enclosed-arc lamp requires about 
2.4 watts per spheric'al candlepower, not ('ounting the energy 
lost ill the lamj) mechanism. If an alternating-current 
lamp is run from constant-potential mains, the excess volt- 
age can be taken up by a reactance, or choke coil, which 
wastes much less energy than a resistance. The energy 
wasted in the mechanism of a constant-potential, alterna- 
ting-current arc lamp will not be more than half that of the 
direct-current lamp using a resistance. If we include the 
power lost in the mechanism in both cases, the alternating- 
current, ('onstant-})otential enclosed arc would rectuire 
2.45 watts, as against 2.3 watts reciuired by the direct- 
current arc. If we use a shade on the alternating-current 
arc, the power consumjition per ('andle])ower delivered 
below the horizontal becomes much less; but in comparing 
the different lamps, we must take them all under the same 
conditions as nearly as possible. 

37 . The above figures are intended to give a general 
idea as to the efficiency and illuminating power of the 
various kinds of lamps, and represent average conditions. 
Of course, lamps may be met with that will vary consider- 
ably from the above. If we take an enclosed-arc lamp 
taking 450 watts and compare it with an o})en-arc lamp 
taking the same amount of power, we will find that the 
open-arc lamp will give a somewhat brighter illumination 
on the street. Notwithstanding this fact, the public, as 
a rule, does not object to the enclosed arc being substituted 
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TAHLK I. 


lH>WKlt CONSUMPTION OF AIM ' I.AMl’S. 


Type of Lamp. 



Series open arc 2,000 
nominal candlepower 
about 0.0 ain})eres at 
50 volts 4()0— 480 

I) i r e c t - c ii r rent 
enclosed arc 1 10 volts 
4.0 amperes, opcdes- 
eent inner globe, no 


Same with opalescent 
inner and clear outer 
globes 530 

Same with opalescent 
inner and outer globes 530 

Alternating-current 
enclosed arc 110 volts, 
opalescent inner and 
clear outer globes ... 410 

Same with opalescent 
inner and outer globes 41 0 



Total Watts per Mean 
Spherical Candlepower. 



18 


ELECTRIC LIGHTING. 


25 


for the open, because the light is much softer and steadier 
and the shadows are not so deep. As has already been 
pointed out, the enclosed arc is cheaper to look after on 
account of the long life of the carbons, and for this reason 
it is replacing the older style of lamps. 

The preceding figures relating to arc lamps are here 
placed in the form of a table (Table I), for convenient 
reference. 

28. The number of arc lamps required to illuminate a 
given space varies greatly and it is difficult to give any 
definite figures on this subject. Enclosed-arc lamps are 
now largely used for the interior illumination of mills and 
factories. The light from these lamps is steady and 
agreeable, and if they are provided with light opal globes 
or reflectors, a very even illumination may be olitained. 
In textile mills, the illumination must be very good ; 
hence, more lamps are needed per unit of floor area than 
would be required, for example, in a foundry. Table II, 
based on values given by Uppenborn, will give a gen- 
eral idea as to the space that may be illuminated for 
each 450-watt lamp used. 


TABEE II. 


SFACK II..T^UMrNATKI> BY ABC LAMPS. 


Space to be Illuminated. 

Square Yards 
per 

450- Watt Lamp. 

Outdoor areas 

2,000-2,500 

1,400-1,000 

000-800 

200-250 

Train sheds 

Foundries (general illumination) 
Machine shoDS 

Thread and cloth mills 

200-230 




tf, ///.— 
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METHODS OP DISTRIBtJTIOlSr. 

29. We have considered the more important points 
relating to the arc itself, and it is now in order to con- 
sider the lamj) proper. The arc lamp must, besides being 
arranged to hold the carbons in their proper position, be 
provided with a mechanism to start the arc, or ‘‘strike” 
the arc, as it is sometimes called, and also to feed the car- 
bons together as they burn away. But before looking into 
the subject of arc-lamp mechanisms, it will be well to take 
up the methods used for supplying current to the lamps, 
because this has a bearing on the style of mechanism used. 


SERIES BISTRIRITTION. 

30. Most of the arc lamps used for street-lighting 
work are connected in series For example, in Fig. 17, 
represents an arc-light dynamo in the station and /, /, / 
are arc lamps situated at different points on the street; 



/, represent the terminals of the lamps, and are marked -j- 
and — to distinguish them from each other. The current 
flows through the lamps in the direction indicated by the 
arrows. The -|- terminal should in each case connect to 
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the upper carbon and the negative terminal to the lower 
carbon. If one of the lamps B should be connected in the 
circuit backwards, as shown, the current would enter at the 
lower carbon and the lamp would burn upside down; in 
such a case the terminals should be changed so that the cur- 
rent will enter at the top carbon, as in the other lam])s. It 
is evident that in a simple series circuit the current tlirou^h 
all the lamps must be the same unless there is leakage to 
ground and across to the other line, as indicated, for 
example, by the dotted ])ath a-b. There will be no leakage 
to amount to anything if the line is in proper condition, so 
that it may be generally assumed that the current through 
each lamp is the same. 

31. Since each lamp requires a certain current for its 
operation, it is evident that the current in the cinniit must 
be kept constant, i. e., the number of amperes must be kept 
the same no matter how many lamps are in use. If we had 
10 lamps in operation, each requiring 45 volts prf*ssure, the 
dynamo would have to generate 450 volts. vSii})pose now 
that 3 of the lamps are cut out by short-c'ircuiting them — 
lamps in a series circuit must always be cut out by short- 
circuiting, otherwise the circuit will be broken. In practice, 
each lamp is provided with a switch, as indii'ated at 
which is used to cut out the lamp by short-circuiting it and 
allowing the current to flow past it. If the voltage remains 
the same, it is evident that the current will increase, 
because we have decreased the resistance of the cir('uit; if 
the current is increased, the lamps will perform badly and 
perhaps burn out. In order to keep the current the same, 
the voltage should be reduced to 7 X 45, or 315 volts, when 
the lights are cut out. This is done by providing the dyna- 
mos with an automatic regulator. In case the lamps are 
operated in series by means of alternating current, a special 
transformer or regulator of some kind is frequently used to 
keep the current constant. 

The series system of distribution is very widely used for 
street lighting, and is, in fact, about the only system that 
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can be used economically where the lights are scattered. 
As the same current flows through all the lamps, the system 
is operated by using a small current (usually from 6 to 
10 amperes) at a high pressure. This calls for a small line 
wire (usually about No. 0 or No. 8 B. & S.), and thus 
requires but a comparatively small expenditure for copper. 

33. Arraiijgemcnt of Series Circuits. — If we take a 
simple series circuit, as shown in Fig. 17, the voltage gener- 
ated by the dynamo will be the voltage per lamp multiplied 
by the number of lamps plus the voltage drop in the line. 
If the number of lamps operated is large, the voltage 
required becomes very high. Thus, in order to operate 
75 lights, the machine must generate, roughly, 3,750 volts, 
allowing 50 volts per lamp, so as to include the drop in the 
line. Up to within a comparatively recent date, this was 
considered about as many lamps as could be operated 
from one machine, because of the difficulties of con- 
struction and operation for higher voltages. The result was 
that a station operating a large number of lights had to be 
equipped with a number of comparatively small machines, 
that were, at best, not very efficient. To overcome this, the 
so-called multicircuit machines were brought out, which 
are capable of operating 125 to 150 lights. The construction 
of arc dynamos has also been perfected to such an extent 
that machines are now built capable of operating 150 lights 
on a single circuit. 

33. Multicircuit Series Machines. — Multicircuit ma- 
chines are of two kinds, namely, those in which there are 
two or more circuits in series and those in which there 
are two or more circuits in parallel. The later styles of 
Brush machine are examples of the first kind. The new 
type of Western Electric machine is an example of the 
second. The simple, or older, type of Brush arc dynamo 
has already been explained. The newer and larger style 
is of the multipolar type, but is similar in principle to the 
old two-pole machine. The principal difference is in the 
arrangement of the circuit connection^, 
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Suppose that A and represent two of the commutators 
of a Brush machine. In the older machines they were con- 
nected in series, as shown in Fig. 18 (d), across a single 
circuit. The voltage between the terminals of the circuit 


1-2 will therefore be equal to 
the sum of the voltages gen- 
erated in the sections of the 
armature A and B. vSuppose, 
however, that two series of 
lamps are arranged as shown 
in Fig. 18 {/;). Here we have 
the same number of lamps con- 
nected in series as before, but 
they are divided into two cir- 
cuits 1-2 and 3-Jf and the pres- 
sure between points i, 2 is just 
one-half what it was before, 
because there are only one-half 



as many lamps connected be- 
tween 1, 2 that there were in 
the previous case. 

The whole object of this 
arrangement is to allow a large 
number of lamps to be oper- 
ated in series, without intro- 
ducing extremely high pressures 
on the line and dynamo. This 
may, perhaps, be more clearly 
understood by taking the ex- 
ample shown in Fig. 19. It 
would not be necessary to use 



a multicircuit arrangement 


for as small a number of lights as 10, but it will serve to 


illustrate the point. Allowing 50 volts per lamp, so as to 
include the line drop, we would require 500 volts for oper- 
ating the single circuit in Fig. 18 We can therefore 

represent the fall, or drop, in pressure from the + to the - 
terminal of the machine as indicated in Fig. 19 (a). Each 
section of the armature generates 250 volts, and as these 
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are connected directly in scries, we have 500 volts across 
the circuit. 

In tlie second case, we have the state of affairs shown in 
Fig. 19 (/;). Suppose that we take the point i as a starting 
point and assume that it is at zero potential. The arma- 
ture section A raises the pressure to 250 volts, so that there 
is a difference in pressure of 250 volts between points 3 and i. 
The current then passes through the circuit S-Jf containing 




5 lamps, and the pressure drops off as indicated. Armature B 
again raises the pressure 250 volts, so as to operate the 
5 lamps in circuit 3-1. 

It is thus seen that the multicircuit arrangement shown 
in Fig. 18 {b) operates the same number of lights as in 
Fig. 18 (^:^), and the maximum pressure between the termi- 
nals of the dynamo or between the terminals of either of 
the circuits is just one-half that in the single-circuit scheme 
of operation. If, however, the circuit is opened at any 
point in Fig. 18 (/^), the pressure at the break will at once 
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rise to a pressure that is at least ecjual to the total pressure 
that the machine is capable j^eneratin^, and will be as 
high as the pressure given by the single-circuit arrange- 
ment. This is because at the instant that the circuit is 
opened there is but a very small drop through all the lam[)s. 
Moreover, the sudden decrease in the current ('auses a high 
induced E. M. F. in the windings of the machine on account 
of the sudden decrease in the lines of force threading the 
field and armature, and the pressure obtained at the break 
may, in many cases, considerably exceed the full-load volt- 
age of the machine. 

34, Since, in the multicircuit arrangement, as used on 
the Brush machines, the several circuits are in series with 
each other, the current must be the same in all and only one 
regulator is necessary on the dynamo. Where two inde- 
pendent circuits are operated in parallel from the same 
machine, it is evident that the voltage applied to each of the 
circuits must be capable of independent regulation. For 
this reason, the Western Electric multicircuit machines are 
provided with two independent regulators, one for each cir- 
cuit. Some of the larger Brush machines are arranged so 
as to operate four circuits, though any of these dynamos 
may be operated as ordinary single-circuit machines if 
desired. 


PARABBEB DISTRIBUTION. 

35. When arc lamps were first introduced, parallel dis- 
tribution was not very common, but now a large number of 
lamps are operated in })arallel on constant-potential circuits, 
both direct and alternating. The increased use of enclosed- 
arc lamps for store and factory illumination is largely 
accountable for this. vSuch places were usually equipped 
with low-pressure constant-potential plants for incandescent 
lighting, and series-arc lamps for interior work are more or 
less objectionable on account of the high pressures neces- 
sary for their operation. The series-arc lamp is, however, 
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used for interior illumination in some large concerns where a 
large number of lights must be operated. Enclosed-arc lamps 
are operated in parallel by connecting them directly across 
the line, as indicated in Fig. 20. Each lamp is here pro- 
vided with. a double-pole switch and cut-out or branch block 
carrying fuses for protection in case a short circuit occurs 
in the lamp. Most lamps have a switch mounted on them, 
and it is only necessary to provide a separate switch, as 

+ L//?e 



shown, when it is wivshed to control the lamp from a dis- 
tant point. Of course, the switch is arranged to open the 
circuit through the lamp, and not short-circuit it, as when 
cutting out a series lamp. 

Fig. 21 shows the lamps connected to an ordinary 110- volt 
direct-current system. By using lamps with a slightly dif- 
ferent mechanism, they may be operated from the secondary 
of a transformer, as shown in Fig. 22. When arc lamps are 
operated from constant-potential direct-current mains, it is 
necessary to connect a resistance r, Fig. 20, in series with 
the arc. This is necessary for two reasons. In the first 
place, the lamps will not regulate well without it, and in 
the second place, the voltages used on constant-potential 
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circuits are usually considerably higher than the voltage 
required by a single arc lamp, so that the excess voltage 
must be taken up in a resistance. 

If an arc lamp were connected directly to constant-poten- 
tial mains, without the intervention of any resistance, its 
action would be unstable. If the current flowing through 
an arc increases, the resistance of the arc decreases, because 
the increased current causes the cross-section of the arc to 



increase. On the other hand, if the current decreases, the 
resistance of the arc increases. The consequence is that if 
the constant voltage of the mains was just equal to that 
required by the arc and if the current through the arc 
should, for any rea.son, decrease a little, the resistance 
offered by the arc would at once increase, thus causing a 
further decrease of current and increase of resistance, with 
the result that the arc would go out. On the other hand, an 
increase of current would result in a decrease of resistance, 
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and this would cause a still further increase of current. 
The operation of the lamp would therefore be unstable, 
and would fail to maintain a constant arc for any length 
of time. 

Now, if a line voltage somewhat higher than that required 
by the lamp is used and sufficient resistance inserted to give 



Fig. 22. 


a drop through the resistance sufficient to bring the arc 
voltage to the correct amount when the normal current is 
flowing, the lamp will become stable in its action. For. 
suppose the current decreases a little; the drop through 
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the resistance will decrease and, since the line voltage is 
constant, the voltage across the arc will be increased, thus 
compensating for the increased arc resistance. Also, if the 
current increases, the drop through the resistance at once 
increases and the voltage across the arc is lowered. In 
alternating current lamps a rcaciancc or choke coil takes 
the place of the resistance. This consists of a coil of wire 
wound on an iron core. When the alternating current 
passes through the coil, the changing magnetism set up 
generates a counter E. M. F. in the coil. The choke coil 
wastes less energy than the resistance, but, of course, it 
cannot be used with a direct-current lamp, as the direct 
current is not capable of setting up the alternating mag- 
netism necessary to generate the counter E. M. F. The 
resistance or choke coil, as the case may be, is generally 
mounted in the top of the lamp and is arranged so that it 
will be ventilated, in order to insure cool running. Resist- 
ance coils in arc lamps are usually made of German silver 
and are in most cases wound on porcelain fittings. 

30 . Eamps in Multiple Series. — The use of the en- 
closed-arc lamp allows single lamps to be operated in par- 
allel on 100- to 120-volt 
circuits without excessive 
waste. This is because 
these lamps take such a 
high voltage at the arc 
(from 70 to <S0 volts). 

Open-arc lamps take only 
from 40 to 50 volts at the 
arc; hence, if these lamps 
were operated singly across 
100- to 120-volt circuits, there would have to be from 60 to 
80 volts taken up in the resistance. To avoid this, open- 
arc lamps were usually operated two in series, as shown in 
Fig. 23, thus requiring about 90 volts for the arc, and leav- 
ing only about 20 volts to be taken up in the resistance R. 
Quite a number of lamps were at one time operated in this 




ELFXTRIC LIGHTING. 


3 () 


^18 


way, ])ut the arrangement never worked entirely satisfac- 
tory. If one lamp failed to work properly, it affected the 
other, and the service vras not as good as it should have 
been. This method of operating lamps has therefore been 
replaced by the use of the single enclosed-arc lamp con- 
nected directly across the mains. 

The two methods of distribution to which we will confine 
our attention will be the series system, used almost exclu- 
sively for street lighting, and the simple parallel system, 
used principally for interior arc lighting. 


AllC LAMPS. 

37. The different makes and types of arc lamps in com- 
mercial use are so numerous that it is impossible to give 
a complete list of them here. This is, however, not neces- 
sary, because many of the types differ only in mechanical 
details and involve no new principles. Complete instruc- 
tions concerning the different makes are furnished by the 
manufacturers, and all that is necessary is to point out the 
features peculiar to lamps adapted to the various kinds of 
service. 

38. No matter what type of lamp is used, it must be 
arranged so that the carbons may be kept apart at the 
proper distance. In a few special cases, as, for example, in 
some searchlights or projection lamps, this is accomplished 
by hand. In all commercial lighting work the lamp must 
be provided with a mechanism that will feed the carbons 
together as they are consumed. In most cases, the lower 
carbon is fixed and the top one is fed down in such a way as 
to keep the arc of the proper length. When the upper car- 
bon is released by the lamp mechanism, it is fed down by 
the attraction of gravity. Gravity is therefore the pro- 
pelling power in most lamps, and the whole lamp mecha- 
nism is essentially a device first to separate the carbons 
and start the arc and then to release the carbon and allow 
it to feed down at the proper time. This feeding must be 
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accomplished without disturbing other lamps on the same 
circuit. The mechanism generally consists of a clutch or 
clockwork controlled by electromagnets, the current in 
which depends on the condition of the arc anti which releases 
the clutch or clockwork, thus allowing the carbon to feed 
down whenever the arc exceeds the length for which the 
mechanism is set. 

As stated before, the mechanism must also be arranged 
so that the lamp will regulate without affecting other lamps 
on the circuit. This is comparatively easy to aca'omiilish in 
the case of lamps operated in parallel, because the pressure 
across the mains is constant, and eadi lamp is independent 
of its neighbor. In the case of the series lamp, however, 
the current that flows through one lamp also flows through 
all the others, and each lamj) must be, arranged so as to feed 
when necessary, no matter what may be the condition of 
the others. 


CONSTANT-POTENTI A Ij EAMPS. 

The regulation of constant-potential lamps is usually 
brought about by an elcc'tromagnet or solenoid that is con- 
nected directly in series with the arc. This solenoid oper- 
ates either a (dutch or clockwork so as to feed the carbon 
when required. For example, take th(i simple arrangement 
shown in Fig. 24. This is not intended to illustrate any 
particular make of lamp, but simply to bring out some oi 
the points connected with the operation of constant-potential 
lamps in general. By far the greater number of lamps in use 
employ a clutch rather than a clockwork feed. In Fig. 24, 
/, /' arc the lamp terminals connected across a constant- 
pcAential circuit; r is the resistance inserted to take up the 
surplus voltage and to make the ac'tion of the lamp stable; 
S is a solenoid connected din^ctly in series with r and ar- 
ranged to suck up the core r when current passes; d is the 
clutch, which we have here shown simply as a washer with 
a hole a little larger than the rod to which the upper car- 
bon is attached ; / is a stop against which d strikes when 
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the core c lowers a sufficient amount ; g is the top (positive) 
carbon and Ii the lower (negative). The current enters 
at /, passes through r and 5 to the brush which makes 

a sliding contact 
with the carbon 
rod e. From.^ it 
passes to the top 
carbon g^ thence 
to the lower //, and 
out at t' . The 
path is as indi- 
cated by the ar- 
rows. This is sup- 
posed to be a di- 
rect-current lamp ; 
hence, the current 
should flow, as 
shown, so as to 
bring the crater in 
the upper carbon. With an alternating-current lamp, it 
would, of course, make no difference how the lamp was 
connected. 

40. When the current is off, d comes down against f 
and is tilted so that e slides through until g strikes h. As 
soon as the current is turned on by closing switch w, the 
core c is at once sucked up to the full limit for which the 
lamp is adjusted. As soon as c moves up d tilts, as shown 
in the figure, and grips thus raising g and striking or 
starting the arc. As the carbons burn, the arc gradually 
becomes longer and, consequently, the resistance of the lamp, 
as a whole, increases. One fact that must not be lost sight 
of is that this lamp is connected in multiple across a constant- 
potential circuit; hence, as the arc lengthens, the current 
through the lamp is bound to decrease, no matter what 
current the other lamps on the same circuit may be taking. 
The result is that as the arc gets longer, A becomes weaker 
becaiise of the smaller current and c lowers a little. When c 



Fig. 24. 
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has moved a short distance, d comes in contact with /, and 
as c drops still farther, d is tipped a little and allows rod e to 
slide through. As soon as the carbons come nearer together, 
the current at once increases, c is pulled up, and the rod is 
held until the current becomes small enough to allow it to 
feed again. In this way the carbon is fed down, a little at 
a time, and the feeding is brought about by the decrease of 
the current due to the increase in the length of the arc. It 
is thus seen that the regulation of a constant-potential lamp 
may be brought about by the use of a simple series solenoid, 
or magnet, and as a matter of fact the mechanism of these 
lamps is very simple; some of the modern enclosed-arc 
lamps have but little more mechanism than that indicated 
in Fig. 24. 


SERIES-ARO LAMPS— OPEN AltC. 

41 . When we come to consider the regulation of series- 
arc lamps and the mechanism necessary for their operation, 
we have a different problem to deal with. In the first place, 
when lamps are run in series, the current is always main- 
tained at a constant value, or it should be if the regulator 
on the dynamo works properly. It is evident, then, that a 
series magnet alone is not able to do the regulating, because 
its pull remains the same no matter what might be the con- 
dition of the arc. Again, there must be some device in the 
series lamp that will preserve the continuity of the circuit 
in ease a carbon should become broken, fall out, or the cir- 
cuit through the lamps become broken in any way. If such 
a device is not provided, an open circuit in the lamp will 
result in all the lights on the circuit going out. This device 
is called a cut-out. 

43. Although the current through the arc remains con- 
stant in a series system, the voltage across the arc increases 
as its length increases, and this increased voltage is made to 
bring about the regulation. Suppose that we modify- th^ 
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simple lamp shown in Fig. 24 by extending the core c down- 
wards and adding another solenoid S\ as shown in Fig. 25. 
We can also omit the starting resistance r, as this is to be a 
series lamp, and there will be no excess voltage to be taken 
up; the current is maintained at a constant value and 
resistance is not necessary to insure stability of operation. 
This second coil .S'' is to be wound with a large number of 
turns of fine wire, so that when it is connected in shunt 
across the arc, as shown, V)ut a small current will flow 
through it. The coils .S', S' pull c in opposite directions, 
and c will always take up such a position that the two pulls 
are balanced. The action of the lamp is, then, as follows' 



When the lamp is out, the carbons Ji are in contact. 
Notice that the switch in in this lamp is connected across the 
terminals, and in order to put out the lamp, in is closed. 
This is just the reverse of the constant-potential lamp that 
is operated in parallel. When the lamp is thrown into cir- 
cuit, the main current passes between g and //, but since the 
carbons are in contact there will be little or no drop in 
potential between them and, hence, practically no current 
will pass through the shunt coil S'. The result is that coil S 
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pulls up the plunger, and in so doing lifts the upper carbon 
and starts the arc. The instant, however, that the carbons 
h separate, current flows through S\ because there is then 
considerable difference of potential between g and //. The 
result is that as the carbons are separated, the downward 
pull of .S"' becomes stronger until it finally balances the 
upward pull of S, when the arc remains stationary. As the 
carbons burn away, the arc becomes longer; hence, its 
resistance increases and the voltage across the arc increases. 
The pull of .S' does not change, because the main current is 
maintained constant by the dynamo. The pull of .V' keeps 
increasing as the carbons burn away, and c is gradually 
pulled down until the lamp feeds. As soon as feeds down 
the pull of S' decreases, because the arc shortens; hence, 
the position of c becomes again balanced, and so on, the 
plunger c moving back and forth through a small range 
between the coils. By properly adjusting the clutch, such 
a lamp may be made to keep the arc at the proper length 
within very close limits. 

43. The student should ('arefully note the essential fea- 
tures of the above lamp, because practically all seric^s lamps 
depend for their oj)eration on the use of two coils. One of 
these, the series coil, carries the main current, and is 
opposed by the shunt coil, which carries a current depend- 
ing on the length <jf the arc. The current in the shunt c'oil 
depends only on the length of the arc in each individual 
lamp and is independent of the condition of the other 
lamps. A lamp of this kind is known as a clifTerentlal 
because the position of the core c depends on the 
difference in the pulls between .S' and .S''. The simple series 
lamp shown in Fig. 25 is not provided with a cut-out, 
but the action of this device will be explained lat(‘r when 
some of the different types of lamp are described. In some 
makes of lam})s the coars(^-wire and fine-wire coils are both 
wound on the same spools, and instead of using solenoids 
with a core that is drawn into them, the coils are provided 
with a fixed iron core and arranged so as to attract an 
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armature that releases the clutch or clockwork mechanism, 
as the case may be. The Thomson-Houston (T. H.) and 
Brush lamps use two coils wound on the same core, and the 
armature operates a clutch. In the Wood lamp, solenoids 
are used very much as indicated in Fig. 25, and these lamps 
are made for either a clockwork feed or a clutch feed. In 
lamps having a clockwork feed, the rod that holds the upper 
carbon is usually provided with a rack cut along one side. 
This rack engages with a gear-wheel that is held from turn- 
ing by means of a ratchet wheel and pawl. The frame on 
which these gears are mounted is pivoted, and its movement 
is brought about by the controlling magnets or solenoids. 
When the frame is moved by the action of the shunt mag- 
net, the pawl is thrown out of interference with the ratchet 
wheel and the lamp feeds. The movement at any one 
feeding is very slight, and the carbons approach each other 
so gradually, if the lamp is properly adjusted, that a steady 
light is the result. The feeding mechanism of a clockwork 
lamp is slightly more complicated than that of a clutch lamp. 
In the latter, the carbon rod must be kept clean and bright, 
or else the clutch will not act properly. If, however, 
a clutch lamp is looked after as it should be, it will feed 
smoothly and give good results. The use of clockwork mech- 
anisms is not as common as it once was, and practically all 
the modern lamps are operated by a clutch of some kind. 


EXAMPEKS OF ARC EAMPS. 


COKSTANT-CJlTRRETSfT SRRIRS LAMPS — OPEN ARC. 

44. The constant-current series arc lamp using direct 
current and burning with an open arc has in the past been 
the style of lamp almost universally used for street lighting. 
There are thousands of these lamps in use, and notwith- 
standing the fact that the regulating mechanism of some of 
them is more or less complicated, they have given very 
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good service and their general design has been changed 
but little. It is now customary to run more lamps on a 
circuit than was once the case; hence, the voltage of the 
circuits is higher, and it is necessary to provide the lamp 
mechanism with better insulation than was used in the older 
lamps. The design of the clutch has also been 
modified from time to time, but as a whole the 
mechanism of these lamps remains about the 
same in principle as it was when they were 
first introduced. The open arc is being grad- 
ually ousted for street lighting by the enclosed 
arc, but as there are still very large numbers 
of the former in use, it will be necessary to 
exjilain a few of the more important types. 

For this ])urpose we will select the Brush, 
the T. H. (Thomson- Houston), and the Wood 
lamps, as these have been more largely used 
than any others. 



/ 




45, When an open-arc lamp is required to 
burn all night, it is nec'cssary to jirovide it 
with two carbons, arranged so that when one 
is c onsumed the other will start up. l^hg. 20 
shows a Brush double-arc lamp for all-night 
burning. This view shows the lamp with the 
globe removed and with one pair of carbons 
nearly consumed. As soon as the carbon 
rod a gets to its lowest point, the rod d starts 
feeding, and the other pair of carbons are 
consumed. In order to obtain a long life for 
the carbons, some companies use single lamps, 
but instead of the ordinary ^\-inch or |-inch 
round carbons, they use g-inch or even larger, 
in a long life, but the large carbons are apt to cast objec- 
tionable shadows. Another scheme for securing long life 
for the carbons of open arcs is to use flat carbon plates, 
but this, also, has the bad feature of giving poor light 
distribution. 




Fio. 26. 


This results 
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46. Tlie Brush Arc Bamp. — The general appearance of 
this lamp is shown in Fig. 2G, which will serve to illustrate 



Fig. 27. 


the appearance of all the lamps of this class. A is the 
frame carrying the lower carbon holders d, b and the globe 





Fig. 28 . 
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holder c\ B is the cover for protecting the lamp mechanism; 
a is one of the carbon rods carrying the upper carbon 
holder. When the lamp is newly trimmed, these rods push 
through the case and are protected by the chimneys f. 
T, T are the lamp terminals 

Fig. 27 shows the relation of the parts of the lamp and 
Fig. 28 the connections. The coils 5, S' and b are really 
wound on top of each other, but we have here shown them 
side by side for the sake of clearness. P and N are the 
positive and negative terminals of the lamp. The poles of 
the regulating magnet are at /,;//; and o is the armature 
that moves uj) and down with the rocker R hinged at the 
points /, /. The clutches are not shown in Fig. 28, but 
they ('an be seen at .c. Fig. 27. Their operation will be 
described later. The two uiiper positive carbons c, c are 
attached to the carbon rods v. When no current is flow- 
ing through the lamp, the armature (?, ¥\g. 28, and the 
rocker R are in the lowest position, and the strip r comes in 
('ontact with the terminals /, y, thus ('utting out the lamp 
and allowing the current to take the path , 

C is an auxiliary cut-out that is intended to ('Ut out the 
lamp whenever the pressure across the arc exceeds 70 volts. 
It consists of a magnet provided with two windings a and /;, 
('onnect(‘d as shown, and a pivoted armature d' that makes 
contact at c' when the magnet acts. A small amount of 
adjustable resistance r’ is in shunt with the series magnet S. 
By regulating this resistance, the pull of the series magnet 
may be adjusted; r is another small resistance connected in 
series with the cut-out c. 

47, The action of the lamp will be understood by refer- 
ring to Fig. 28. First we will suppose that the lamp is con- 
nected in circuit but is short-circuited by the switch blade K 
on top of the lamp being on contact 1. The current then flows 
directly across from 7^ to 7, thence through K and out on the 
line. Under these circumstances no current flows through 
the mechanism, the armature will be down, the carbons in 
contact, and piece c will connect i and j. Now, suppose 



ELECTRIC LICxHTING. 


47 


§18 

switch K to be opened. The current will then take two 
paths as follows: P-r'-y-n-c-f-N and 
However, since S, S are connected in shunt with a portion 
of the current will flow through the scries coils, takinj^ the 
path 1-2-j-S-S-y^ and the armature will be lifted, thus 
separating the carbons and establishing the arc. As soon as 
the armature is raised, the contact r leaves the terminals /, /, 
and the current passing through r is interrupted with the 
exception of the small current that ])asses through the line- 
wire coils S \ S\ The clut('h has now lifted tluj carbons 
and the lamp is in operation. One end of the fine-wire c'oil 
connects to the upt)er carbon, as indicatcnl at J/, and the 
shunt current takes the path J^-S ' -S ' -b-c' -ci-i-r-.X. It is 
thus seen that the coils S\ S\ and b are in seri(*s and are 
connected in shunt with the arc. ('oils a and b tend to raise 
the armature d\ but the current flowing uiuler normal con- 
ditions is not suflicient to adually raise it. It should be 
noticed that the current (hrculates around ►S ', .S ' in a direc- 
tion opposite to that in A, A. 

48. As the carbons burn away and the arc bec'omcs 
longer, the current through the shunt coils increases, thus 
making the poles of the controlling magnet weaker and 
allowing the armature and rocker to gradually drop down. 
This lowering continues until the clutch releases and allows 
the carbon rod to slide down a little. 

Fig. 29 shows a form of clutch used in this lamp. The 
piece a rises and falls with the rocker, and when it is raised 
the piece b is clamped against the carbon rod 
by means of the small lever and the move- 
ment of the armature lifts the whole rod. 

When a descends, because of the magnets 
becoming weaker, the whole clutch and rod 
move down until the piece e strikes the 
plate /. The piece g then remains station- 
ary, while a moves down a little farther, thus 
moving the small lever d and unlocking the 
clutch. Fig. 29 . 
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49 . Suppose now that a carbon rod should stick in some 
way and fail to feed properly. The arc would gradually 
become longer and the voltage across it would increase 
until the current in the shunt circuit became much larger 
than the normal amount ; this would cause the armature d' of 
the auxiliary cut-out C to be drawn up and contact made at c' . 
The current would then take the path P~l-2-d’ -c -a-i-r-N \ 
the series and shunt coils would both be cut out, but the 
current flowing through a would hold up d\ The cutting 
out of the main coils would cause the rocker to drop and c 
would then come into c'ontact with i and y, thus cutting 
out the auxiliary cut-out. If the dropping of the rocker 
frame should make -the carbons come together, part of the 
current will i)ass through the series coils by the i)ath 

^ because in the other path we have the 
resistance r. The result is that the lamp will start up 
again. If the resistance r were not used, the path 
iS~d'-d-a-i-N would be of low resistance compared with 
and the lamp would not relight ; hence, 
the use of the resistance r. If a carbon should become 
broken or fall out, all the current would ft)r an instant 
pass through the fine-wire coils; hence, d' would at once 
rise and cut out the lamp. Of course:, in this case c' would 
come into contact with ? and j and remain there, because 
the carbons could not come into contact again and allow 
the lamp to relight. If no cut-out were provided, there 
would not only be danger of a break in the circuit, due to 
the carbons being broken or failing to feed, but in addition 
the shunt coils \rould be burned out because the whole cur- 
rent would, under these circumstances, i)ass through them. 

50 . From the above description, it will be seen that this 
lamp works on the differential principle. When the lamp is 
not in operation, the carbons are together. As soon as the 
current passes, the series coils separate the carbons, thus 
starting the arc. The regulation is then brought about 
by the opposing action of the shunt coil causing the release 
of the clutch. 
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THE TIIOMSOX-HOUSTON (T. H.) E.VMP. 

51« The Tliomson-IIouston epen-are scries kiinp is one 
that has been very largely used for street liglitinj>' on con- 
stant-current circuits. Notwithstanding the fact that the 
mechanism of this lamj) is somewhat complicated and con- 
tains a large number of jiarts, it has given, on the whole, 
very good service; in fact, it maybe said of most of the 
common types of constant-(‘urrent lamps that although the 
conditions under which they must work are trying, they 
have given good service. The T. II. lamp has been changed 
comparatively little, as regards its main features, since it 
was first brought out. vSome of the smaller details, such as 
the clutch, cut-out contads, et('., have been (‘hanged, but 
the general arrangement has remaiiKal miu'h the same In 
the later lamps the insulation of the frame has been improved, 
owing to the fact that more lamps are now run on a circuit 
than formerly and the pressure applied to the circuits is 
correspondingly higher. 

52. The T. II. lam}) differs considerably from the dif- 
ferential lamj) just described. The series coil is used only 
to start the arc, and when the lam}) is in o})eration under 
normal conditions, no current Hows through it. The regula- 
tion is effected by means of the shunt coil alone, and when 
the lamp is not burning the carbons are sc})arat(‘d instead of 
being together, as is the case with most lam})s. Fig. 30 (a) 
and (/;) shows the mechanism of the T. II double lam}), but 
for the }iresent we will confine our attention to Fig. 31, 
which shows the connections and the general arrangement 
of the essential parts. This figure is intended to show only 
the princi}3le of operation and is not su})posed to be an 
exact illustration of the parts of the lamp itself, as some of 
the minor parts have been omitted in order to make the 
diagram as simple as possible. yl and />’ are the + and 
— terminals in the shape of hooks, so that the suspending 
wires may also be used to conduct the current into the lam}); 
^ is the carbon rod carrying the upper carbon ;// ; 
the lower carbon /i is supported by the lamp frame, not 
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shown in the figure ; ^ is a 
rocker frame pivoted at ;r 
and carrying an iron arma- 
ture O, This latter has two 
holes in it, through which 
the conical pole pieces of the 
magnet project when the 
armature is pulled down. 
When the lamp is not in 
operation, this frame is held 
at its highest position by 
the adjustable spring P\ 
the movements of the rocker 
are steadied by the dashpot 
C\ s is the series coil wound 
over the shunt coil M ; there 
are two spools side by side, 
as shown in Fig. »!(); //is a 
small coil in series with the 
carbons. H is called the 
starting coil, and its office 
is to cut the series coil .y into 
or out of action. It is pro- 
vided with a movable ar- 
mature on which is 

mounted the insulated con- 
tact f tipped with silver; 
e is another silver-tipped 
contact connected to the 
point c. When no current 
flows through //, c and f 
are in contact ; p and r are 
the cut-out contacts, the 
action of which will be de- 
scribed later. Z is the clutch 
and its action is very simi- 
lar to the one just described 
for the Brush lamp. 
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53. We will first consider the operation of the lamp 
under ordinary conditions. In Fig. 31 it will be noticed 
that the clutch L and frame R are up and that the car- 
bons are drawn a short distance apart. In order that 



Fig. 31. 


the lamp may be started, in must be lowered so as to 
touch and this is accomplished as follows: At the instant 
that the current is turned on, e and / are in contact, 
because no current is flowing through H ; hence as soon as 
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the current passes, it takes the path A-b through the series 
coil .S' to c-c-f-g-B, Practically no current would go from 
c through the shunt coil to B because of the high resistance 
of this path compared with the other. As soon as the cur- 
rent passes through the rocker is pulled down and the 
clutch is released, bringing the carbons in contact and allow- 
ing part of the current to take the path A-b-I I-E-vi-n-B . 
As soon as current passes through //, the armature K is 
attracted, thus separating c and f and cutting off the cur- 
rent through the series coil s with the exception of the 
small current through the shunt coil M. The result is that 
the rocker rises and carries with it the upi)er carbon, thus 
separating the carbons and starting the arc. As soon, 
however, as the carbons are separated, there is considerable 
differeiK'e of potential across the arc; hence, the shunt 
coil M takes its normal current and holds the rocker at 
the proper point to give the length of arc for which the lamp 
is adjusted. It is thus seen that the series coil is cut out 
after the arc has been started. 

54. The lamp is now supposed to be burning, and as the 
arc grows longer the ])ull of the shunt coil increases and 
the rocker is gradually pullc‘d down until the shoe / of the 
clutch comes against the sto}), and any further movement 
causes the rod li to slide down a little. The pull due to the 
shunt coil decreases with the shortened arc, and the rocker 
rises to its normal position. The feeding is thus brought 
about by the action of the shunt magnet working against 
the spring P, 

55. If the carbons should stick and fail to feed, the arc 
will gradually grow longer until the pull exerted by the 
shunt magnet will be sufficient to bring the cut-out con- 
tact p down against r. The current will then take the 
path A-p-~r-E-in~n~g-B in preference to passing through 
H. K will then rise and bring c and f in contact. The 
current will then take the path A-b~s~c-c~f-g-B ; the 
series coil will hold down the armature and the lamp will be 
cut out unless the movement of the rocker should release 
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the rod and allow the carbon to feed, in which case the lamp 
will continue to burn and rocker R will rise again, thus 
separating p and r. 

56. If a carbon should fall out, the current through the 
shunt will suddenly increase and the current through // 
will be interrupted, R will be pulled down, and K will rise 
the final result being that the lamp is cut out. 

57. When the lamp is to be switched out, the switch JV 
is used. This switch takes the form of a cam T" operated by 
the lever ?/, seen at the to]) of the lamj), Fig. 30. A¥hen the 
handle is turned to one side, the cam comes against the cast- 
ing that carries the iipper cut-out contact, and thus estab- 
lishes a short circuit from terminal to terminal. Fig. 30 
shows the general arrangement of the mec'hanism of this 
lamp. The lettering of the parts corresponds to that given 
in Fig. 31, so that they may be readily identified. 


TITE WOOD AlU’ EAMl*. 

58. This lamp operates on the differential principle and 
has been made both for clockwork and clutch feed. In the 
clockwork lamp the carbon feeds down whenever the move- 
ment of the rocker throws the pawl out, so as to allow the 
clockwork to oj)eratc. In the clutch lamj) the movement of 
the rocker controls the clutch in much the same way as for 
the lamps already described. 

Fig. 3'i shows the general sc'heme of connections for a 
Wood lamp. Here the series ('oils J/ are arranged verti- 
cally above the shunt coils .S'. There are two series and two 
shunt coils. Two plungers connected by a crosspiece are 
moved up and down by the coils, or solenoids, as described 
in Art. 42. This armature moves a x^ivoted frame, not 
shown in the sketch, and thus brings about the regulation. 

50. When the lamp is not in ojjeration, the carbons 
are together and the plungers are at their lowest position. 
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When this is the case, pin d rests on spring r, which 
is in electrical connection with the framework and the 
carbon rod h. When the current is turned on, it takes the 

paths A -p-d-e-R-B 
^ and A-p-k-l-M-M- 
7n-7i-B. The resist- 
ance R is in itself 
small, but it is fairly 
large compared with 
that of the series 
coils J/, and enough 
current will take the 
path through the 
series coils to lift the 
plungers and start 
the arc by separating 
the carbons. At the 
same time, contact 
is broken between d 
and r, so that all the 
main current passes 
through the series 
coils. The shunt 
coils .S' are connected 
across the arc, and 
as soon as the arc is started, they set up a pull in opposition 
to the series coils. When the arc has burned to a certain 
length, the plungers are pulled down enough to allow the 
carbon to feed. The action of the lamp, as a whole, is 
almost identical with that of the elementary lamp described 
in Art. 43. 

60. If the rod should stick, the arc gradually grows 
longer until the pull of coils .S' brings d down against e and 
thus cuts out the lamp. The object of using the resistance R 
is to enable the lamp to start up. If R were not present, 
the resistance of the path p-h-d-e-B would be so low com- 
pared with the path p-h-k-l-M-M-ni-n-B that not enough 
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current would flow through the series coils to start the 
lamp. This lamp is also provided with a rod cut-out, as 
shown at E, F. This short-circuits the lamp when the car- 
bons have become nearly consumed. C is a hand switch 
operated by turning the handle it is used to cut the lamp 
out of the circuit whenever desired. When the handle I) is 
turned, a and b are brought into contact, thus making a 
direct connection between A and 7). 

61 , The above descriptions of three of the leading styles 
of constant-current series lamps will give the student an 
idea as to the main features of such lamps. It should be 
noticed that in all of them the arc is started l)y means of a 
series coil and that the feeding is regulated by means of a 
shunt coil. Most of the series lam])s take about Ik 0 amperes 
for the 2,000 candlepower size and (>.(> amperes for the 
1,200 candlepower size. The voltage across the arc' is from 
40 to 50 volts and the carbons arc generally inch, i inch, 
tV inch, or | inch in diameter. 


CONSTAXT-OITRREXT SERIES EAMPS — EN<;E0SET> ARC. 

63 . Coiiiparisoii Retweeii Open and Enclosed Ares. 

Up to within a comparatively recent date, the open-arc' scries 
lamp had the field of street lighting practically to itself. 
The constant-current enclosed-arc lamp is, however, now 
being extensively installed. It is used nearly altogether for 
new work, and is replacing the older o])en-arc lamp in many 
places. The reason for this is not that the old lamps were 
unsatisfactory in operation, because they have been operated 
for years and, taking everything into consideration, have 
given admirable service. Neither does the enclosed arc 
give more light than the open lamp; in fact, it does not give 
quite as much for the same amount of power consumed. 
Even assuming that the arcs themselves give as much 
light, the use of the two globes in the case of the enclosed 
arc cuts down the amount of light more than does the single 
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globe that is used with the open arc. This, however, is 
counterbalanced by the more agreeable ^character of the 
light given by the enclosed arc. The strong contrasts so 
noticeable with the open arc are softened down, and the 
change from open to enclosed arcs is one that is generally 
popular, even if the intensity of illumination is somewhat 
reduced. The true reason of the change is, however, that 
the enclosed arcs are cheaper to operate. 

63. Volta^ire Keqiii I’ed l)y Scries Enclosed- Arc Lamps. 

As stated previously, the ctudoscd arc is much longer than 
the open arc. This is necessary because the carbons do not 
become pointed, there is no well-defined crater, and the car- 
bons must be separated considerably to allow a proper dis- 
tribution of light. Also, a short enclosed arc will not work 
well, owing to the deposition of carbon on the carbon })oints. 
These lamps, therefore, take a rather small current, and the 
voltage across the arc is high. This is a decided advantage 
where lamps are operated in parallel on constant-potential 
systems, where the pressure is nearly always higher than that 
actually required by the lamp and the excess voltage has to 
be taken up by a resistance or choke coil. When, however, 
it comes to operating lamps in series, the high voltage across 
the arc becomes, to a certain extent, a disadvantage. It 
means that for a given number of lamps operated on a cir- 
cuit, the pressure at the terminals of the circuit must be 
higher in case enclosed arcs are used. This makes it diffi- 
cult to operate a large number of lamps from one machine, 
but by using the multicircuit arrangement, the pressure 
a])plied to each circuit may be kept down. Constant- 
current arc machines are now built to generate as high as 
J 1,000 volts, which is about equivalent to 150 enclosed arcs. 
It is quite common to find as many as 100 lamps operated 
on a single circuit. It must be remembered, however, that 
where these high voltages are used, the line insulation must 
be thor(Highly good, and attempts to use these pressures 
upon old lines having poor insulation have resulted in con- 
tinual trouble, to say nothing of the danger involved. 
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64. Alteriiat I ii^-Ciirreii t 8orl os l]nc‘l<)soil - A ro 1 ^amps. 

Enclosed aics are now very often operated in series by con- 
stant current on alternatini^-current systems, i. e., the alter- 
nating current through the series of lamps is maintained at a 
constant value. The lamps used do not differ essentially 
from those for constant direct-current circuits, except that 
all magnet cores and armatures are laminated to prevent 
heating due to eddy currents, and the mechanism is designed 
so as to avoid disagreeable humming. The methods for 
supplying current to series alternating-current lamps and 
the arrangements for maintaining the current at constant 
value will be taken up when the subject of station apparatus 
is considered. 

65. Current. — Series enclosed-arc lamps are ordinarily 
operated at about fJ.O am{)erc‘s, and tlie voltage per lamp is 
from 70 to 78 volts, de])en(ling on the length of arc for 
which the lamp is adjusted. Th(‘se lamj)s have also been 
built for a current as larg(^ as 8 am[)eres, with a correspond- 
ingly lower voltage, but the values given above are the ones 
commonly met with. 

66. Remarks on Rnelose<l-Ar<* Ramp Ck>nstruetlon. 

The mechanism of an enclosed-arc lamp generally contains 
the same essential features as the corresponding o})en arc, 
but in most cases the arrangement is simpler. The open 
arc must be fed ' * equently, b(H'ause the carbons burn at a 
comparatively rapid rate and the clutch or other feeding 
mechanism must be accurately adjusted and kept in good 
condition if the lamp is to burn steadily. Fc^r this reason, 
the upper carbon of an open-arc lamp is attached to a car- 
bon rod on which the clutch operates, and which is, or 
should be, kept in a clean, polished condition. The current 
is generally carried to the top carbon by means of a copper 
brush pressing against the rod. In the enclosed-arc lamp 
the operation of feeding takes jdace at comparatively long 
intervals, and the feeding mechanism does not need to be so 
delicately adjusted. It is, therefore, a common practice to 
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have the clutch operate directly on the carbon and to dis- 
pense entirely with the carbon rod. Such lamps are spoken 
of as having a carbon feed. 

The doing away with the carbon rod makes the construc- 
tion simpler and cheaper, besides allowing the lamp to be 
made shorter than is usual where a carbon rod is used: 
Short lamps are desirable for inside work, as they look 
better, especially in places where headroom is limited. 
Some enclosed-arc lamps, however — the Wood lamp, for 
example — use the carbon rod. The omission of the carbon 
rod, while it simplifies the construction in some respects, is 
not without its drawbacks. It is not as easy to conduct the 
current into the carbon without interfering with its free 
movement, and the contact rings or other devices on many 
of these lamps give trouble. To get around this, some 
makers use a flexible cable or chain attached directly to the 
carbon holder; but flexible cables are also apt to give 
trouble unless they are looked after and kept in good con- 
dition. 

On account of the long arc common to enclosed-arc 
lamps, their mechanism must be arranged so that it will 
have a long pick-up; i. e., when the lamp starts up the 
mechanism must be such as to pull the carbons a consider- 
able distance apart. In the case of series lamps, an auto- 
matic cut-out must, of course, be provided. 

67. In taking up the subject of enclosed-arc lamps, we 
will confine our attention to two or three typical examples 
that will serve to bring out the essential points relating to 
their construction and operation. The number of different 
makes of enclosed-arc lamp is very large, but they differ 
from each other principally in details of construction. 
The principles of operation are about the same in all of 
them, and the following are not selected because they 
operate any better than several others, but because they 
will serve to bring out the points aimed at. 

68. Series Enclosed- Arc liamps for Constant Direct 
Current. — Fig. 33 shows the general arrangement of the 
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mechanism of a series enclosed-arc lamp made by the Gen- 
eral Electric Company and designed for use on constant 


A ■ . n 


direct-current circuits. This figure shows the arrangement 
of the essential parts ^ 

of the mechanism in 

order to bring out its 

method of operation, ^ 

and Fig. 34 shows the S ||i|D 

general scheme of con- 

nections. In some re- ^1^ 

spects, it resembles the 

Brush series open-arc 11 

lamp previously de- kh^M | 

scribed. It is of the i j 

differential type, and -EF B Si£^ 

is provided with two U 

series coils M and two n ^ 

shunt coils S. In Eb=:— 

Fig. 33, only one of each """5 ^ 

of these coils is seen, ' r . 

as they are in line with - i j 

each other. A tube T 

holds the upper and 

lower parts of the lamp j Fall 

together, and in it the || V 

carbon holder //, car- |J 

rying the upper carbon [j 

0\ is free to slide up H 

and down. Current is ^ 

carried to [/ by means 

of the flexible asbestos-covered cable C] which follows the 
carbon up and down through a slot cut in one side of the 
tube. The rocker is made up of two levers, a hinged 
at a' and ^ hinged at These levers are connected by a 
spring ^ that will allow one armature to move independently 
of 4:he other to a slight extent and make the action of the 
lamp steadier. The iron armatures d and e are carried by 
these levers, as shown, and when one moves up the other 
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moves down a corresponding amount. Each armature is 
provided with two holes, through which the conical pole 
pieces project when the armature is pulled up. The clutch 
rod f IS attached to but insulated from the rocker and is 
fastened to the clutch g through the small link h. The 
rocker and clutch are shown in about the position they 


Line Line 



occupy after the lamp has just been started. When the 
lamp is out of circuit, armature c is up at its farthest posi- 
tion and armature d is down, the clutch ring k rests on the 
tripping table / and the carbons are together. A dashpot ui 
is provided to steady the action of the lamp, and the cut- 
out preserves the continuity of the circuit and protects the 
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shunt coils in case the carbons should fail to feed or .should 
be broken. The cut-out consists of a crosspiece n carried 
by the clutch rod, but insulated from it, and provided with 
silver contact pieces. Below the crosspiece, two insu- 
lated contacts also tipped with silver, are arranged. 

When the current in the shunt coils becf)ines excessive, the 
armature r is pulled up so far that ;/ is brought into contact 
with 2^ 2' and the lamp is cut out, unless the carbons feed 
down so as to enable it to start again. 

69. By referring to the diagram, Fig. 34, the action of 
the lamp under normal conditions will be understood. The 
coils J/, AT are provided with a single winding of heavy 
wire that is capable of carrying the current used on the 
circuit. The coils d/. A/ are here shown below .S', .S' for the 
sake of clearness, but it will be understood that the two 
pairs are opposite each other, as shown in Fig. 33, and 
oppose each other by pulling on tlie armatures of the 
rocker. The bulk of the winding on coils .S', .S' consists of 
a large number of turns of fine wire. This winding is in 
shunt with the arc, and its terminals are shown at ,r, j. In 
addition to this shunt winding, each coil .S', .S' is provided 
with a few turns of heavy wire, the terminals of which are 
shown at A, d, 7, and cV. These coils are in jiarallel with 
the main coils J/, d/ and are known as compensating coils; 
r is an adjustable resistance in shunt with the series coils 
to enable the current passing through them to be adjusted. 
The resistance 7^ is connected in series with the cut-out, as 
shown, and is used to enable the lamp to start up, as pre- 
viously explained in connection with the Brush and Wood 
lamps. The .switch JV is provided to short-circuit the lamp 
when it is desired to cut it out of circuit. 

70. When the lamp is not burning, the weight of the 
moving parts causes the armature r to come up against .S', 
Fig. 33, the carbons are in contact, the clutch /c rests on the 
tripping table /, and ;/ is in contact with 2, 2' , As soon as 
the current is turned on, part of it takes the path 7"-l — 0- 
P-2-n-2' Fig. 34. On account of the resistance }\ 
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however, the greater part will take the path T-{ — 0-8-9- 
10-Jl-U-V-t-T, because the carbons are, at the start, in 
contact. This will energize the series coils M, J/, and the 
armature Fig. 33, will be pulled up, thus cutting off the 
current through the resistance Phy raising n off A 

certain amount of current also passes through the coarse- 
wire coils wound under S, S from 0 to 11 and through the 
paths 0-6-10-11 and 0-7-11^ but the coils J/, M are so 
much more strongly magnetized than 5, S that the arma- 
ture d is pulled up against the attraction exerted on 
Fig. 33. As soon as the armature d is drawn up by the 
series magnets, the carbons are separated and current then 
flows through the shunt winding by the path 10-y-S-S- 
x-z-T\ the shunt coils are practically connected across 
the terminals of the arc and, as the carbons are pulled 
apart, the current through these coils increases. As arma- 
ture d is pulled up, therefore, the pull on c is increased 
and a point is soon reached where the two pulls are bal- 
anced. As the carbons burn away, e is raised still more, 
the carbons are brought nearer, and clutch k moves down 
with the carbon until finally k rests on the table /, Fig. 33, 
and any further downward movement of the rod f lowers g 
and releases the clutch. This allows the lamp to feed and 
armature c then lowers to its normal position. If the car- 
bons should stick and the arc become abnormally long, e 
would be pulled up far enough to bring n in contact with 
2^ 2\ The current would then take the path through the re- 
sistance 7^ and the series coils would be cut out. The shunt 
coils would, however, still be subjected to a small E. M. F., 
due to the drop through and the armature e would be 
firmly held in place. If, in the meantime, the carbon should 
become released and slip down, the current would take the 
path through the series coils and carbons in preference to 
that through the resistance P, This would bring the series 
coils into action and cause the lamp to start up. 

Tl* Compensation for Heating. — In order to keep the 
voltage at the arc of a constant-current series lamp at a 
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uniform value, it is necessary to have some automatic 
device to compensate for the increase in resistance of the 
shunt coils due to the heating of the lamp. The shunt coils 
have a considerably higher resistance after the lamp has been 
running an hour or two than when the lamp is first started. 
Now, the voltage across the shunt coils is equal to the volt- 
age across the arc, and if the arc is to be maintained at the 
same length, some means must be provided for keeping the 
pull exerted by the shunt coils uniform. A number of 
methods have been adopted to accomplish this. One 
common method for differential lamps is to shunt the series 
coils by means of a resistance having a low temperature 



coefficient, i. e., a resistance that in(‘reases but very little 
with an increase in temperature. When the coils become 
heated, the pull of the shunt coil decreases, but the pull of 
the series coils also decreases, because they become heated 
and, being of copper, increase considerably in resistance, so 
that more of the current passes through the shunt having a 
low-temperature coefficient. Fig. 35 is a simplified diagram 
of connections for the lamp shown in Fig. 33. Af, J/arethe 
main series coils and S', S' the compensating coils that con- 
stitute the shunt to M, M and take an increasing amount of 
current from M, M as these series coils become heated. 
The result is, that although the pull of S, S decreases as the 
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lamp warms up, the balance between the shunt and series is 
maintained and the voltage at the arc kept at its proper 
value. In some cases the lamp is provided with a thermo- 
stat that closes a circuit and cuts out part of the shunt coil, 



thus decreasing its resistance, when the lamp becomes hot. 
Fig, 3G shows the connections of the Gilbert enclosed-arc 
lamp for constant-current circuits. This is a differential 
lamp using a thermostat to cut out part of the shunt coil 
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when the lamp becomes hot. The thermostat consists 
simply of a curved strip of metal attached to the frame of 
the lamp. When the frame becomes heated, the expansion 
of the strip a brings it into contact with thus cutting out 
part of the shunt coil. In this lamp, the shunt and series 
coils are arranged one direc'tly above the other and act on a 
movable core that operates the clutch. From what has 
been said regarding the lamps ])revious]y described, the 
student should be able to trace out the circuits in big. 

The adjustable resistance, like that of all the other lamps 
described, is in parallel with the series coil and is used to 
adjust the length and, hence, the voltage of the arc. 

73. Fig. 37 shows the general ai)pearance of a Wood 
series enclosed-arc lam}). This lamp 
is provided with a regular carbon rod, 
instead of a carbon feed, and there- 
fore must be provided with a chim- 
ney A. This figure shows the gen- 
eral arrangement of the enclosing 
globe with its gas cap. 

In enclosed-arc lamps of the carbon- 
feed type there is always a consider- 
able length of the upper carbon that 
cannot.be fed down. This, however, 
does not involve any waste, as the 
length of upper carbon left over is 
sufficient for use as a lower carbon 
when the lamp is retrimmed. 

Series constant-current enclosed-arc 
lamps of the types just described 
usually operate at O.G amperes with a 
voltage of about 7^ across the aic. 

The lamp shown in Fig. 35 uses I -inch 
solid carbons and burns from 100 to 
120 hours without retrimming. In 
alternating-current lamps the top car- 
bon is cored and the bottom solid. 



Fig. 37. 
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7 3. Series Alternating-Current Enclosed- Arc Eamps. 
These need no special description, as their principle of opera- 
tion is exactly the same as the direct-current lamp. They 
are nearly always of , the differential type, and the main 
difference is in the few constructional details referred to in 
previous articles. 


CONSTANT-POTENTIAE ABC EAMPS. 


74. As soon as the enclosed arc was introduced, it 
almost immediately replaced the open arc for constant- 
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potential work. We will therefore 
confine our attention, in considering 
constant-potential lamps, to the en- 
closed type. The great advantages 
of the enclosed-arc lamp for this 
work are the high voltage and small 
current required, which enables them 
to be operated singly across the 
mains, also the soft, steady light and 
the long life of the carbons. 

75. The mechanism of the con- 
stant-potential enclosed-arc lamp is, 
as a rule, very simple. The feeding 
is controlled by a magnet connected 
in series and there is no need of a 
cut-out. The lamp should, however, 
be connected to the circuit through 
fuses, so that it will at once be dis- 
connected in case of a short circuit 
anywhere in the mechanism. The 
series-controlling magnet is usually 
arranged so that it attracts a core 
or plunger against the action of a 
spring or, more commonly, against 
the action of gravity. 
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76, Direct-Current Constant-Potential Enclosed- Arc 
Damps. — Fig. 38 shows a lamp that is similar in many 
respects to the constant-current lamp previously described. 
The general features, such as the framework, clutch, method 
of carrying current into the upper carbon, etc., are the 
same in both. The magnets M are in series and arranged 



so as to pull up the plunger This plunger operates the 
clutch rod and its movements are dampened by means of 
the dashpot d. R is the resistance wound on an insulating 
cylinder and connected in series to take up the excess 
voltage and steady the action of the lamp. Fig. 39 shows 
the general arrangement of the mechanism and gives the 
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connections, which 



are very simple. Notice that the 
switch IV cuts out the lamp by open- 
ing the circuit through it, not by 
short-circuiting it, as in the case of 
constant-current lamps. Current en- 
ters at P and flows through the resist- 
ance and series coils to the upper car- 
bon, thence to the lower carbon to 
This causes the core to be pulled up 
and the carbons to be separated. As 
they burn away, the current becomes 
weaker and p gradually lowers until 
the clutch is released and the lamp 
feeds. The resistance is provided with 
a sliding contact, so that the lamp may 
be adjusted for pressures varying from 
100 to 120 volts. The series coils are 
provided with two. connections 7, 1' and 
2, so that the lamp may be made 
to operate at 4.^ to 5 amperes or 3^ to 
4 amperes. When the larger current 
is iised, the connections are as shown 
in the figure, because fewer turns are 
then needed to operate the plunger. 
Solid carbons 4 inch in diameter are 
generally used, and the voltage at the 
arc is about 80, leaving 20 to 40 volts 
to be taken up in the resistance. With 
4-inch carbons, the lamp will l)urn 130 
to 150 hours without retrimming. 

77 . Fig. 40 shows another form of 
constant-potential enclosed-arc lamp, of 
which there are a large number in use. 
This lamp is very heavily constructed, 
and has a rather peculiar clutch and 
contact arrangement for carrying the 
current into the upper carbon. 
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There is but one solenoid .9, whioli is connected in series 
with the carbons and has a compact magnetic circuit through 
the yoke r, the conical core k\ and the armature a. The 
armature carries at its lower end a pan /> containing four 
clutch rings r that fall by gravity and grip the carbon c 
by wedging between the carbon and the inclined side of 
the pan. As the carbon falls by reason of the consumption 
at the arc or through the current being interrupted, the 
pan is lowered until the rings are caught by the tube /, 
which is supported by the frame of the lamp. This action 
releases the carbon, which then falls towards the lower car- 
bon c\ but the consequent reduction of resistance causes a 
large current to flow through the coil .s', which draws up 
the armature, and with it the carbon r, to the normal 
height. Regulation is, then, effected by the differential 
action of a serit‘s coil and gravity, for the moving system 
is desigiu'd to have considerable weight. 'I'he upper carbon 
is held in a sheath Ik whic'h permits the using of short(‘r 
carbons than would otherwn'se be necessary. The sheath 
will readily pass between the clutch rings and through the 
tube f. The current is conducted to the (‘arbon by m(‘ans 
of sixteen contact rings enclosed within a Ixxx c and 
making a flexible contact with the carbon. The inner 
globe g" surrounds the carbons and is su])ported by the arm 
or yoke f. The outer globe fits over the plate Ji at the bot- 
tom and is secured at the top by a cin'ular nut at /, the 
joint being packed by means of asbestos gaskets. The 
space immediately above h and below the inner globe is 
intended for the rheostat. In the later styles of this lamp 
the rheostat is placed in a small metal case at the top of the 
lamp. 


78. Alteriiatin^f-CiirreTit Constant-Potential En- 
olosed-Arc Lamps. — Fig. 41 shows the arrangement of an 
alternating-current constant-potential lamp. The general 
appearance of the lamp is almost exactly the same as that 
shown in Fig. 38. The principal distinguishing feature of 
the alternating-current lamp is the use of the reactance, or 
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choke, coil L in place of the resistance. This consists of a 
laminated iron core a on which coils b are wound. These 
coils are connected in series and the ends 1, S, 4, etc. 



FIG. 41. 


left so that the wire A may be connected at different 
points. This allows the lamp to be adjusted for a consid- 
erable range of voltage and frequency. The reactance 
coil sets up a counter E. M. F., and thus introduces an 
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apparent resistance into the circuit which counterbalances 
the excess voltage and makes the lamp stable in its opera- 
tion. The reactance coil is more economical than a resist- 
ance, but it and the series magnets introduce self-induction 
into the circuit and thus make the lamp have a power factor 
less than 1. A load of alternating-current arc lamps is 
always inductive, and this has in some instances been used as 
an argument against them. They are, however, well adapted 
for stations already equipped with alternating-current appa- 
ratus and where it is desired to operate arc lamps with the 
least expense for additional equipment. The frequency 
should not be below 60 cycles per second for satisfactory 
operation. 

The lamp just described will operate anywhere from GO 
to 140 cycles. It takes about 72 volts at the arc and burns 
from 80 to 100 hours. The upper carbon is cored and the 
lower carbon solid. 

79. Connections for Constant-Potential Tjami)s. — 

Fig. 21 shows constant-potential lamps connected across a 
110-volt circuit. Each lamp should be connected to the 
mains through any good style of double-pole fuse block. 
In most cases, it is also desirable to equip each lamp with a 
switch in addition to the switch that is on the lamp itself, 
as this switch is not always easily accessible. Where sepa- 
rate switches are used, they should be double-pole if the 
lamp takes more than 3 amperes. In connecting up con- 
stant-potential lamps, the branch wires should be propor- 
tioned for at least 50 -per cent, more current than the lamp 
takes, because at starting the current may be much in 
excess of the normal. Fig. 22 shows constant-potential 
alternating-current lamps connected on a 104-volt alter- 
nating-current circuit. The connections are practically the 
same as those shown for the direct-current circuit, except 
that the lamps are here fed from the secondary of the 
transformer. Enclosed arcs are also made for operation on 
220-volt circuits, but these high-voltage lamps are not as 
efficient as those for lower voltage. 
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Enclosed arcs are sometimes operated two in scries on 
220-volt mains, or four or five in series on 500-volt mains 
where it is desired to operate a few arc lamps from a power 
circuit. This method of operation is, however, not as satis- 
factory as when each lamp is independent and it is only 
adopted in case of necessity. 


CARE AND ADJUSTMENT OF ARC I^AMPS. 

80, General Remarks. — If an arc lamp is kept clean, 
and if the current and voltage at which it is operated are 
maintained at the values for which it is designed, it will 
give little trouble. This assumes, of courst', that the lamp 
is substantially made. Cheapness seems to be the principal 
object in some lamps, and while the first cost of such is low, 
the bill for repairs is heavy and they are much the more 
expensive in the long run. The older styles of oj)en-arc 
series lamps were usually heavily built and, as a rule, gave 
good service. We will first consider some points in connec- 
tion with lamps of this ckiss. 

81 . Trlmniinj*:. — Most open-arc series lamps are pro- 
vided with a carbon rod on which the clutch operates. If 
this I'od is dirty or greasy, the clutch will not work properly 
and the lamp will give poor service. When trimming the 
lamp, the rods should never be pushed up when they are in 
a dirty condition. 

Dirt on the rod is apt to cause pitting, due to the burning 
action of the current where it passes into the rod from the 
contact spring or bushing. If the rods are at all dirty, 
they should be rubbed down with a piece of worn crocus 
cloth. When trimming the lamp, care should be taken to 
see that tlie carbons arc of the proper length. Lack of care 
in this particular is often responsible for burned carbon rods 
and carbon holders. The carbons should be placed so that 
they are vertically in line with each other, and the upper 
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carbon must have enough vertical play to allow the lamp to 
pick up its arc. 

83. Ackliistments. — The principal points to look out 
for in adjusting an arc lamp are to see that the arc burns at 
the proper length and that the carbon is fed down smoothly 
without any hissing or flickering. For an ordinary 1,200 
nominal candlepower open-arc lamp, the arc should be about 
inch in length; for a 2,000 candlepower, from inch to 
inch. The exact length will depend somewhat on the 
quality of the carbons. If the arc is too short, it is liable 
to hiss, or if the current is too large, hissing is apt to result. 
An arc that is too long will flame badly and the lamp will 
take more voltage than it should. Poor quality of carbons 
will also cause flaming or hissing. The length of arc and 
the feeding point may be regulated by j)roper adjustment of 
the clutch. Directions for adjusting each particular make 
of lamp are furnished by the makers, but as a rule such 
adjustments are easily learned by an insj)ection of the lamp 
itself. In some cases the clutch and rod may become so 
worn that they must be replaced before a satisfactory opera- 
tion can be obtained. 

A good method to follow in adjusting lamps is to connect 
an ammeter in series and a voltmeter across the terminals 
of the lamp. The first thing to look out for is to see that 
the dynamo is maintaining the proper current in the circuit. 
If it is not doing so, the regulator on the dynamo should 
be adjusted until it does. The lamp should be hung in 
some j)lace where it will not be ex])osed to drafts of air, 
because such drafts may cause the arc to hiss or flame 
even if it is properly adjusted. A rack should be provided 
for supporting the lamps at such a height that the mecha- 
nism may be easily inspected. By watching the fluctuations 
of the voltmeter as the lamp burns, a good idea may be 
formed as to the smoothness with which the lamp feeds. A 
recording voltmeter is very convenient for this work, as the 
lamp may be left to itself for some time, and the voltmeter 
will draw a chart indicating the variations in voltage during 
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the time. If the voltage goes very much above or below 
the normal, the voltmeter record will show it at once. The 
lamp man knows from experience just about what the type 
of lamp he is working with is capable of doing in the way 
of feeding closely, and he can tell at a glance whether the 
performance can be improved. 

83, Bxirjied-Out Coils. — The controlling coils of series 
arc lamps are frequently burned out and have to be re- 
wound. Burn-outs may arise from a number of different 
causes. Lightning is frequently responsible for them, as it 
breaks down the insulation of the lamp or punctures the 
insulation between the layers of the winding. One of the 
most frequent causes of burned-out shunt spools is a defective 
cut-out. If the carbons stick and the cut-out fails to work, 
the arc grows so long that the current in the shunt coils 
becomes excessive, and they are sure to be burned out. 
The cut-out contacts should be kept in good condition, and 
if burned or oxidized, they should be carefully cleaned. 
Neglect to look after the cut-out part of the lamp will 
surely result in the rewinding of shunt spools, and as these 
are wound with fine wire they are a comparatively expensive 
part to repair. In some lamps the action of the cut-out 
depends on the movement of the rocker, for example, the 
T. H. lamp; hence, it is important to see that the frame 
moves freely. If the lamp is improperly adjusted so that it 
burns with an abnormally long arc, the current through the 
shunt will be greater than it should be. This will cause the 
coils to overheat, and while it may not result in a burn-out 
at once, it is very apt to lead to it in time by causing deterio- 
ration of the insulation and consequent short circuiting 
between layers. A similar result may be caused by the 
line current being above the normal, and in this case the 
series coils would also be affected. Generally, however, 
the series coils will stand a reasonable overload without 
greatly overheating. Series lamps should cut out promptly, 
if the upper carbon is pushed up while they are burning. 
If they do not do so, there is something wrong with the 
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cut-out and the trouble should be remedied before the lamp 
is sent out. 

84. Most of the above also holds true with rcg'ard to 
series enclosed arcs. There is even more clanger of the car- 
bon sticking and failing to feed properly in these lamps than 
in the open arcs, because the carbon must pass through the 
cap of the enclosing globe, and if the carbon has not been 
gauged beforehand, a slight unevenness may cause it to stick. 
It is therefore important to see that the cut-out is kept in 
good condition and that there are no uneven jilaces on the 
carbons when they are put in the lamp. 

85. Trimming l^]nclosed-Arc — (hnerally 

speaking, it is necessary to clean the enclosing globe every 
time the lamp is trimmed. If it is allowed to go longer 
without trimming, it becomes covered with siudi a thick 
deposit that a considerable part of the light is cut off. This 
cleaning can be done to much better advantage at the 
station than at the point where the lamp is installed, so that 
the lower globes are brought back to the station for retrim- 
ming and are there washed by means of siiecial appliances 
for the purpose. When the trimmer goes out, he takes a 
clean lot of globes, provided with lower carbons, and 
replaces the old ones. Care should be taken to sc‘e that 
the carbons used are of the proper length. The' upper 
carbons are purchased in the desired length, but thti lower 
carbons are very often made up of the part left over from 
the top carbon. These pieces will vary in length, and they 
should be cut to gauge before being placed in the bottom 
holders. The upper carbons should all be gauged to make 
sure that they will pass through the cap freely. For a .J-inch 
carbon, the maximum allowable diameter is about inch 
and the minimum diameter .5 inch. If the carbon is smaller 
than the allowable amount, there will be too much air 
admitted to the enclosing globe and the arj: will flame 
badly. Only the best quality of carbons should be used in 
enclosed-arc lamps, otherwise the enclosing globe will become 
thickly covered with deposit. Attention should be paid to 
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the gas caps of enclosed-arc lamps and also to the y/mt 
between the globe and the bottom carbon holder. If there 
is too much air admitted, the carbons will be consumed 
rapidly. If the globes are too tight, very little air will be 
admitted and the unconsumed carbon will be deposited on 
the globe. 

8(>* Since most enclosed-arc lamps have a carbon feed, it 
is necessary to see that the carbons are smooth, because 
rough spots will interfere with the operation of the clutch. 
If necessary, rough spots should be smoothed down with 
sandpaper. Constant-potential lamps have no cut-out to give 
trouble, but they have a resistance coil that fully counter- 
balances the cut-out in this respect. If the carbons stick and 
fail to feed, the lamp goes out, but if the lamp does not pick 
up properly, the carbons being in contact, the resistance 
offered by the arc will be absent and a current much larger 
than the normal will flow. If the fusible cut-out in series 
with the lamp does not blow, the resistance will be very 
liable to overheat and burn out. There is also danger of 
the insulation on the series controlling magnet being dam- 
aged, It is a common occurrence to find constant-potential 
lamps that have been designed and adjusted for 104 to 
110 volts running on circuits where the voltage is as high 
as 125 or 130. Of course, under these circumstances the 
lamp takes a current larger than it should, and it must not 
be forgotten that the heating effect in the resistance coil 
and other parts of the lamp runs up as the square of the 
current. A comparatively slight increase in the current 
will, therefore, result in quite a large increase in the heat 
developed, and this in the course of time is sure to result 
injuriously. An abnormal current is also liable to melt the 
enclosing globe. Of course, many of the burn-outs on these 
lamps may be traced to faulty design or construction, but 
at the same time it is quite true that many good lamps give 
trouble either because the voltage is too high or because the 
lamp has not been properly adjusted to suit the voltage on 
which it is to operate. 
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LINE WORK FOR ARC LIGHTING. 


SERIES SYSTEMS. 

87. Size of Wire. — Since most outside lighting work 
is done on the series system, and the current being usually 
not greater than 9.() amperes, the line wire does not need to 
be large. Generally, such lines are of No. (> B. K- S. double- or 
triple-braided weather-proof wire. Triple-braid wire of this 
size weighs about 5^5 pounds per mile; double-braid wire 

-weighs about 510 pounds. Its resistance per mile is approxi- 
mately 2.08 to 2.12 ohms. Sometimes No. 8 wire is used 
for arc lines, but while it is large enough to carry the current, 
it does not make as substantial a job as the No. (;. The 
difference in first cost between the two sizes is not great 
and, as a general rule, it will pay to put up the larger wire, 
especially in localities where sleet storms are common. 

88 . Since the current is small, series arc lines may be 
run long distances without having an exc(‘ssive loss. For 
example, with a 9.0-ampere current, the drop per mile of 
wire would be about 2.08X9.0=19.97 volts. vSeries arc 
circuits often extend for miles, but the extension of the line 
simply cuts down the pressure available for the lamps, so 
that a given dynamo is not capable of operating cpiite as 
many lamps on a long circuit as on a short one. 

89. Xiaying Out Arc Circuits. — There is, generally, 
not a great deal of choice as to the laying out of an arc cir- 
cuit for street lighting, as it is determined almost altogether 
by the location of the lamps. At the same time, wire and 
labor can often be saved by laying out a plan of the streets 
to be lighted and then arranging the circuits so that the line 
will pass through one lamp after another with as little doub- 
ling back on itself as possible. 

When laying out the line, it is a good plan, where possible, 
to connect the terminals of a loop in the circuit to a switch 
so that.^ in case of trouble, the loop may be short-circuited 
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and the remaining lamps on the circuit continued in opera- 
tion. Fig. 42 will illustrate this; /, /, / represent arc lamps 
connected on a street circuit, as shown. By putting in 
switches at points yl, 7>\ the loops in the circuit may be cut 
out. F'or examj)le, if a break occurred, as indicated at x, the 
switch A could be closed and the rest of the lamps kept 
going while the break was being located. It is also evident 
that a few switches arranged in this way would be of assist- 
ance in locating breaks. In Fig. 42, plain short-circuiting 
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switches are indicated in order to bring out the method in 
view and to simplify the figure. Inpradice, a switch should 
be used that will ])rovide a path around the loop and at the 
same time disconnect the loop entirely from the remainder 
of the circuit, so that it may be worked on and the fault 
located without danger to the linemen. These loop switches 
are usually mounted on a pole or at any other point where 
they will be accessible. 

W). It is preferable to have separate lines for operating 
the commercial lights and street lights, because lamps used 
in places of business usually have to be started earlier 
and extinguished earlier than those used on the streets. 
Moreover, it may be necessary to run store lights for a short 
period in the morning, when no street lights are needed. 
Another argument in. favor of separate circuits for the 
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c<3mmercial lights is that the long-exposed street circuits are 
always more or less subject to breaks or other troubles, and 
this would be liable to interfere with the regularity of the 
service given by the commercial lights. 

No matter how carefully street arc-light circuits arc laid 
out in the first place with a view to economizing copper, 
they soon become very irregular if the number of lights is 
at all increased. Lights are looped in here and there, and 
the result is that the general layout of the ('ir('uits assumes 
a very different appearance from what was originally 
intended. 


I.IOT: ( OTnSTIUK TU)X. 

91 . Line construction for arc lighting is generally carried 
out, in the ordinary way, by stringing the lines on poles. In 
some cities, considerable arc lighting is c'arried out by under- 
ground distribution. For this purpose, heavily insulated, 
lead-covered cables are used. In all ('onstriu'tion work con- 
nected with series arc circuits, the point must not be lost 
sight of that the pressure a('ross the terminals of th(;se cir- 
cuits is very high and that there is always a strong tendency 
for grounds to develop. A large size of deep-groove double- 
petticoat insulator should be used and the wires kept clear of 
trees. Great care should be taken when wires are run near 
metal awnings at the entrance to stores, etc., as this is a 
place where grounds are apt to occur and where, in a num- 
ber of cases, they have resulted in fatal accidents. The 
necessity for high insulation and careful work in connection 
with arc lines is even greater than it once was, when about 
50 lights on a circuit was a common average. Now the 
number of lights per circuit is often over 100, and if the 
lines are not kept in good condition there is sure to be 
trouble. All fittings used about the lamps themselves 
should be such as to give high insulation. 

93. of Lamps.— Arc lamps for street lighting 

are nearly always placed at street intersections. When the 
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blocks are long, they are also placed in the middle of the 
block. The older method was to use a comparatively small 



Fig. 43. 


number of lamps hung high 
above the street, but it is now 
considered better practice to 
hang the lamps lower and to 
use more of them if necessary. 
This is especially the case when 
the streets are shaded by trees. 
Where the space to be illumi- 
nated is open, the lamps may 
be hung fairly high, say 30 to 
40 feet above the ground ; but 



Fig. 44. 


when the streets are at all shaded, a height of 20 to 25 feet 
is to be preferred. 


93 . Methods of Hangring: Eamps. — There are, in gen- 
eral, three methods of hanging lamps : (a) By mounting on 
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pole tops; (/;) by suspending from mast arms or pole fixtures 
projecting from a side pole; (c) by suspending from the 
middle of a span wire so that they will hang over the middle 
of the street. 

When the lamps are mounted on polo tops, they are fixed 
permanently, no provision being made for lowering them 
when they are trimmed. The pole must, therefore, be 
provided with pole steps, so that the trimmer may climb 
up to the lamp. This method of mounting makes the 
work of trimming hard, and it is, therefore, not ust‘d 
nearly so much as other methods, whic h allow the lamp to 
be lowered for trimming. I'ig. shows a lamj) with the 
pole-top mounting. It is nei'cssary to jirovide a hood to 
protect the top of the lamp With the olden* styles of lamj), 
these hoods were large enough to ac'commodate a haiijger 
board, from which the lamp was susjiended. In the newer 
lamps, a much smaller hood is sufficnent. This method has 
a few advantages, among whic'h are the absence of roj)e t'lnd 
pulleys, also the line wires when once conneded u[) are not 
moved, as they are c‘very tinu* a lamj) is raised or lowered. 
The raising and lowering of lam])S is a frc*i|uent sourc't‘ of 
breaks in the line wire due to the slight bemdingand unbend- 
ing that the wire is subjec'ted to I'liese advantages arc, 
however, more than offset by th(‘ difficulty of trimming if 
the lamps are mounted high above the street. Fig. 44 
shows a more ornamental style of ])ole-top mounting. In 
this case, the lamp is only about 20 feet aliovc the street, 
and as it is used with enclosed arcs, which are trimmed 
about once in a week or ten days, the climbing up to the 
lamp is not as much of an objection as when open arcs, 
requiring daily trimming, are used. 

94 . Fig. 45 illustrates a typical mast-arm suspension. 
The general arrangement will at once be seen from the 
figure. The lamp is raised and lowered by means of a 
rope and pulleys, and is provided with a small hood /; 
to protect the top from the weather. The lamp is sus- 
pended from the rope by the intervening cross-arm a and 
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insulator b. A cross-arm and insulator of this kind should 
be provided in order to secure good insulation between 



the lamp and the pole fixture and also to keep the line 
wires spread apart. 



Fig. 46. 


§18 


ELECTRIC LIGHTING. 


83 


Fig. 40 gives a view of a Cutter insulating cross-arm 
Since the introduction of high-voltage enclosed arcs and the 
operation of a large number of lamps per circuit, it is essen- 
tial that each lamp be 
provided with a suspen- 
sion that will give high 
insulation. The old- 
style, plain, wooden 
crosspiece with a porce- 
lain knob at each end is 
hardly sufficient. 

Some styles of mast 
arm are pivoted at the 
pole and are counter- 
balanced so that the arm 
may be swung down for 
trimming. 

Fig. 47 shows a Cut- 
ter pole fixture of small size that has been used (’onsiderably 
for street lighting with enclosed arcs. It su])])orts the lamp 
about 3 feet from the pole. 



95. The span- wire method of suspension is illustrated in 
Fig. 48. It is the best form to use when it is desired to 



Fig. 48. 


bring the lamp over the center of the street. A pulley is 
placed at the center and another on the side pole and the 
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poles are usually set at diagonally opposite corners of the 
street intersection. The span or suspension wire is usually 
of /g-inch or |-inch galvanized steel and the side poles about 
30 to 35 feet high with a G-inch top. This method of sus- 
pension, of course, involves the use of two poles and for 
this reason the mast-arm suspension is often preferred. 
The chances are that for lighting a given town or city a 
combination of the three may be desirable, the style of sus- 
pension being chosen that is best adapted for the particular 
location of the light. 

0(>. Are-Iiairip Pulleys. — Pulleys used for suspending 
arc lam])S have received a great deal of attention at the 
hands of those especially interested in arc-lamp specialties. 
The ordinary style of pulley is not well adapted for this kind 
of work. An arc-lamp pulley should always be provided 
with a hood to prevent its being clogged by sleet. It is also 
desirable that the pulley from which the lamp is hung be of 
such a design that it will hold the lamp from dropping in 
case the rope breaks or becomes unfastened in any way. 
In Fig. 48, a lamp-supporting pulley is indicated at A and a 
swivel-i)ole pulley at />. Both are of the sleet-j)roof kind. 
A number of different types of lamp-supporting pulleys are 
now manufactured. In most of them either a catch or pro- 
jections are arranged inside the pulley casing so as to 
hold the lamp when it is raised and relieve the rope of all 
strain. When the lamp is to be lowered, it is first pulled up 
a little. This unlocks the pulley and allows the lamp to be 
lowered. The use of self-locking pulleys also helps to make 
the operation of trimming mo/e rapid. 

Arc-lamp pulleys have also been brought out that contain 
a switch that cuts off the lamp entirely from the circuit 
when it is lowered. This allows the lamp to be lowered 
without lowering the wires running to it, and also makes it 
perfectly safe to work on. These pulleys are, however, 
somewhat complicated. 

97 . Rope. — The rope used for raising and lowering the 
lamps is an important item on a large system and it should 
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be carefully selected. Practice varies greatly as to the kind 
of rope used. Formerly, maiiila rope was used almost e.xclu- 
sively, but the tendency is now towards a solid braided cotton 
rope or a flexible wire rope. AVhen cotton is used for this 
purpose, it is provided with a wax finish that keeps the rain 
from soaking into and rotting it. This rope is usually 
f inch in diameter, though ^ inch is sometimes used with 
■heavy lamps. If wire rope is used, it is usually the so-called 
tinned ‘‘sash cord,” which is a rope made up of a hemp 
center surrounded by tinned steel wire. When a metal roi)e 
is used, an insulator should be cut into it at a point just 
outside the pole pulley in order to insulate the trimmer's 
end of it. When the lamps are very heavy, a small windlass 
is frequently used to hoist them. 

98 . It was formerly the practice to coil up enough sur- 
plus rope on the pole at each lamp to allow the lamp to be 
lowered to the ground. It is 
now customary to end the rope 
in such a way that another rope 
may be hooked on to it and 
the lamp lowered. This extra 
rope, known as a trimmer's 
roj>e, is from 20 to 30 feet 
long and is provided with a 
snaj) hook at one end and a 
number of rings near the other, 
the latter being spaced so as to 
suit the varying heights at 
which the lamps may be hung. 

The end of the rope on the pole 
may be fastened by means of special pole padlocks, made 
for the purpose, but in many cases it is simply slipped over 
a pin, as shown in Fig. 49. The use of the lock is, however, 
safer, as it prevents the lights from being tampered with. 

99 . Cut-Out Hwitclies. — The rules of the Fire Under- 
writers require that wherever constant-current arc wires 
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enter a building, an approved double-contact service switch 
shall be installed, so that the current may be cut off at any 
time. These switches must be suVjstantially made, must be 
mounted on incombustible bases, and must be placed where 
they may be easily reached by policemen and firemen. 
There are many different types of these cut-out switches, 
but they should all have good contacts and be quick in 
action. The switch must also show clearly whether the cur- 
rent is on or off. 

Fig. 50 shows the working parts of the Wood arc cut-out, a 
style that has been extensively used and which will serve to 



Fig. 50. Fig. 61. 


illustrate the operation of cut-out switches in general. The 
parts here shown are mounted in a waterproof cast-iron box 
with an opening past which an indicator moves to show 
when the current is on or off. 

Fig. 51 shows the external appearance of the switch. 
Two blades b, Fig. 50, are attached to the line termi- 
nals c, as shown. The house terminals are connected to 
the posts r, f. When the handle is pushed up, the porce^ 
lain rollers r, r press the blades into the clips on termi- 
nals f and thus connect the line with the lamps. When 
the lever is pulled down, the rollers bear on the lower part of 
the blades, causing them to leave the clips on the posts f 
and swing over so as to rest on the casting thus cutting 
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out the lamps and allowing the current to flow directly 
across from one blade to the other and disconnecting the 
house wires entirely from the line. The springs shown in 
the figure make the action quick and positive. 

100 , Cut-Outs on Arc Ijatui^s.^ — Nearly all arc lamps 
are provided with a simple short-circuiting switch by means 
of which the lamp may be cut out. This 
switch does not, however, disconnect 
the lamp entirely from the circuit, and 
it is always dangerous to work on a 
lamp under such circumstances when 
standing on the ground, because there 
is liable to be a ground on some part 
of the line and thus establish a path for 
the current through the person working 
on the lamp. Since the introduction of 
constant-current circuits operating a 
large number of lights, the danger from 
shock has materially increased, and to 
get around this, lamps are now fre- 
quently equipped with individual cut- 
out switches that are separate from the 
lamj) and that will cut out the lamp and disconnect it 
entirely from the circuit. Fig. 52 shows a series arc lamp 
equipped with a separate cut-out switch of this kind. 

101 , in Xiainps on Series Cireults. — When a 

lamp is looped in on 
a series circuit out 
of doors, it is not 
necessary to provide 
a cut-out switch at 
the point where it 
is cut into the line, 
though, as mentioned 
in the previous ar- 
ticle, switches are 
sometimes placed at 
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the lamp itself. Fig. 53 shows one method of looping in 
on a series circuit. An arm b, provided with insulators c, d, 

is m^Ulnted as shown. 
The loop a runs to the 
lamp or, in case the 
circuit is carried into 
a building, runs to the 
cut-out. Fig. 54 shows 
another method, which 
is not quite so neat, but 
does not call for the 
use of a special bracket. 
The break in the cir-. 
cuit is made by using two ordinary porcelain insulators ;//, n 
and a double-petticoat glass insulator i. When a circuit is to 
be looped in between poles, the break may be made by using 



Fig. 55. 


a single porcelain insulator, as shown in Fig. 55, or if higher 
insulation is required between the terminals of the break, 
two insulators connected by a short length of wire may be 



Fig. 66. 


used. Fig. 56 shows another method of accomplishing the 
same result by using a special porcelain insulator that is 
made for this purpose. 
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SPECIAL APPLICATIONS OF 
ARC LAMPS. 

102. Before leaving the subject of arc lamps we will 
take up, briefly, a few of the special applications to which 
the arc lamp has been put. Arc lamps are extensively used 
for stage illumination in theaters, for photo-engraving 
work, blueprinting, searchlights, or, in fact, any work 
where a strong light is necessary. For most of this work, 




the ordinary styles of arc lamp are not suitable, because 
such lamps are not of the focusing type. For projection 
work, it is necessary to keep the arc in a fixed position; in 
some cases this is accompli.shed by hand feeding, while in 
others the feeding is automatic. In Fig. 57, (a) shows 
an automatic focusing lamp and (<^) a hand-feed focusing 


t /. 111.-20 
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lamp. The lamp {a) is usually mounted on a stand and 
provided with accessories to suit it to whatever kind of 
work it is used for. It is designed for 20 amperes and 
is operated on direct-current circuits of 75 to 125 volts. 
The hand-feed lamp shown at (/;) also operates normally at 
20 amperes, but by using larger carbons, currents up to 
50 amperes may be employed. The hand-feed lamp may 
also be operated with alternating current, but the alter- 
nating current is not very satisfactory for use in projection 
work. The hum caused by the arc is often very annoying, 
and, moreover, the arc is continually shifting around. In 
both lamps shown in Fig. 57 it will be noti('(‘d that the 
carbons are fed together by screws and that the rate of 
mf)vement is adjusted so that the arc always remains 
stationary. If a lamp is to be used for short intervals only, 
the hand feed will be found quite satisfactory, because it is 
simple, cheap, and not liable to get out of order. If, how- 
ever, the lamp is to be used for long runs, it is better to 
have an automatic feed. The lamp in Fig. 57 (<'?) is fed by the 
screw which is rotated by means of the lamp mechanism 
contained in the case below. In (d) the carbons are regu- 
lated by turning the knobs a. 

103, When these lamps are run on a regular 110-volt 
circuit, a rheostat must be inserted in series with them in 
order to take up the excess voltage. The rheostat should 
be capable of carrying the current required by the lamp 
without undue heating, and should have enough resistance 
to give a maximum drop of about 70 to 80 volts when used 
on 110-volt circuits. About 20 to 30 volts of this drop 
should be adjustable, so that the current taken by the arc 
can be kept at the proper amount. For example, a lamp 
taking 20 amperes should have about 3^ ohms in the 
rheostat, and at least 1 ohm of this should be split up into 
10 or 15 sections and connected to a regular rheostat switch 
so that a good adjustment ('an be obtained. A 10-ampere 
lamp would require about 7 ohms in the rheostat, and 
2 or 3 ohms of this should be adjustable. 
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SKA HCII LIGHTS. 

104 , One of the most important applications o^ the arc 
light for projection purposes is fouml in the searchlight. 
These are now used extensively both on shipboard and also 
on land, and reference has already been made to the arrang(‘- 
ment of the carbons and mirrors as used m them. A 
searchlight is designed to concentrate the rays emitted from 
the crater of the ])ositive direction and to jirop^'t them so 
that they will be parallel to each other. A bc^am of light 
that does not sjiread out will illuminate objects at great 
distances, because the intensity of siu'h a beam docs not fall 
off with th(‘ scpiare of the distama^ as doc's the light from 
an ordinary source^ In fact, if all the rays wen* exactly 
parallel and the mirrors perfect and if there were no absor[)> 
tion of light by the atm()sj)her(‘, tiu* intensity of the beam 
would not dimmish at all. As a inattm* of fact, it does 
diminish to an extent that depends very largely on the 
condition of the atmosphen*. 

For many of the following points 
and illustrations relating to sean h- 
lights we are indebted to a paper 
by Lieut B. T Walling publisfied 
in the Proceedings of "J'he United 
States Naval Institute. The type 
of lamp here described is one 
designed by the (leneral Ek^ctnc 
Company and which is used very 
largely both for naval and com- 
mercial work. 

105 . General Construc- 
tion. — Fig. 58 shows a 21-inch 
projector. The barrel A con- 
tains the lamp and reflector, 
the reflector being mounted in 
the back end. This barrel is 
swung on trunnions supported 
by the base and is arranged 
so that the projector can be 
swung around through any angle. The barrel can also be 
swung up and down or clamped in any desired position by 
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means of the fittings shown. In this projector these move- 
ments are accomplished by hand, but in many of the pro- 
jectors used for naval work the movements are brought about 
by small motors mounted in the base, so that, if desired, the 
searchlight may be controlled from a distant point by run- 
ning cables from the projector to a (*ontroller situated at 
whatever point the searchlight is to be controlled from. 
The door of the projector is made of strips r of plate glass 
in order to avoid breakage and also to allow broken fronts 
to be easily repaired. Current is carried to the lamp by 
means of cables which connect to sliding contacts in 

the base. 

106. Mirrors. — The mirrors or reflectors used in the 
better class of projectors are of glass, ground carefully and 
silvered on the back. Parabolic rellectors are used in the 
navy, as they throw a more powcudul Ix^am than the Alangin 
mirror or concav(‘ mirror. l"or commercial projectors, the 
Mangin mirror is used, and wIutc ch(‘ap jirojectors are 
required or in case the jirojector has to stand a grciat deal 
of moving around, it is customary to use ccqipcT reflec'tors 
silvered on the inside surface. The lamj) must be adjusted 
so that the crater comes at the focus (d the mirrm*, other- 
wise the light will not be thrown out in jiarallel rays. The 
crater must, of course, face the mirror. 

107. Searc-liliiglit Lami).— Fig. 5U shows a type of lamp 

now used both for coinmercaal and naval work. In this lamp 
the carbons are horizontal, the positive ( arbon being larger 
than the negative and pointing directly at the mirror. Some 
changes have been made in the later lamps from the con- 
struction shown in Fig 59, but the principles involved are 
the same. The lamj) has what is called a and 

is provided with two magnets — a series magnet that serves 
to strike or start the arc and a shunt magnet that works the 
ratchet feed. 

Referring to Fig. 59, the shunt magnet is shown at and 
the series magnet at A.. is the positive carbon and A^th^* 
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negative. M is a small switch for cutting off the current 
from the shunt coil when it is desired to feed the lamp by 
hand. The lamp may be fed by hand by slipping on a crank 
wrench at Jv. Screw D feeds the negative carbon and Ji the 
positive, the two screws being geared together at J, Current 
is led into the lamp by means of two sliding contacts one 
of which is shown in the figure, the other being directly 
beliind A on the other side of the lamp. H is the armature 
of the shunt magnet and F the pawl-and-ratchet mechanism 
by which screw F. is turned. The lamp for a 30-inch pro- 
jector takes from 75 to 90 amperes, and for an 18-inch pro- 
jector the current is from 25 to 35 amperes. The working 
current varies with the size of the lamp and also with the 
size of the carbons used. The voltage required at the lamp 
is usually from 45 to 49 volts and the feed will frequently 
operate when a pressure of 50 volts is reached. 

108 . The method of operating the lamp is as follows: 
The carbons are adjusted by the crank wrench to a separa- 
ting distance of about 4 inch. The switch J/ is next closed. 
The main swit('h is closed next, and as no current can pass 
between the carbons, the voltage between them and, hence, 
the voltage across the shunt magnet 6' must be equal to 
the full-line voltage. The consequence is that armature II 
is attracted. As soon as H is attracted, the current 
through the shunt circuit is broken by the contact device b 
and the armature falls back and the attraction is again 
repeated. The armature //, therefore, vibrates rapidly and 
works a pawl that shoves the ratchet A annind and feeds 
the carbons togctluT. The screws are geared together, so 
that screw D revolves one-half as fast as F. As soon as 
the ratchet feed brings the carbons into contact, a heavy 
current flous for a short interval and the series coils K 
pull back the armature (X and thus start the arc. As the 
carbons burn away, the voltage across G increases until 
the ratchet feed operates and moves the carbons a little 
nearer together. The point of feeding can be adjusted by 
means of the spring c and the length of the arc by means 
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of nuts d. The positive carbon holder is provided with ver- 
tical and horizontal adjustments, so that it can be accurately 
lined up. 

109. Naval searchlights are usually operated on 8()-volt 
circuits, so that it is necessary to take up but 20 to :K) volts 
in the rheostat. For commercial lamps, the line voltage is 
higher, but in any case the rheostat should be adjusted so 
that the lamp will operate without hissing or flaming. 
With the horizontal type of lamp here described there is a 
tendency to flame at the upper edge of the crater, thereby 
forming the crater on the upper edge of the positive carbon 
and distorting the reflection. This tendency is corrected 
by a horseshoe magnet, which draws down the ar('. 

no. Some hissing will occur when starting up, esjie- 
cially with new carbons, and the lamp will not cjuiet down 
until a good crater has been formed in the jiositive ('arbon. 
This can be obviated by reaming out a crater in the jiosi- 
tive carbon with a penknife before ])utting it in the ('lamp. 
P''laming and hissing are promoted by inferior carbons and 
are much increased if the carbons have absorbed oil. C'ar- 
bons should be hard, homogeneous, and of the best (piality. 
Soft carbons fuse and form “mushrooms,” which cutoff a 
large portion of the light and make the arc unsteady. I'he 
positive carbon should be cored, as this assists in holding 
the arc central and in making a good crater. Negative 
carbons are sometimes cored, but this is not generally con- 
sidered necessary or even desirable. 

111. Points Polatin^^ to Carv and Operation. — 

When the searchlight is first started, an abncjrmal current 
will flow for an instant when the carbons touch each other. 
This current may be sufficient to throw the ammeter off the 
scale, but it does no particular harm if it does not continue. 
If it should continue, on account of the lamp failing to work 
properly, cut off the current at once by means of the main 
switch. The starting current may be as much as 50 per 
cent, above the working current. Any abnormal current of 
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the searchlight ammeter -is usually traceable to either a 
mushroom on the negative carbon or careless handling of 
the hand feed. If the lamp does not feed properly, it is 
because there has been a burn-out or that the lamp itself 
is not clean; in the great majority of cases dirt is the 
cause. The hey to good searchlight operation is thorough 
cleanliness in all the parts and frequent opportunity for 
practice by those not ordinarily called upon. The mirrors 
will spot or frost in time, and this action is much hastened 
on board ship by the practice of exposing them to the rays 
of the sun while drying out the barrel. The action of 
direct sunlight will quickly ruin the silvered surface of a 
mirror. Every projector front should be fitted with an 
extra outside door to protect the glass front. Sometimes it 
is desired to use a beam of light that will spread out, and 
in such cases it is customary to fit the front with diver^in^ 
louses that are plano-convex strips instead of the plain flat 
strips ordinarily used. 
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TESTING AROLIGIIT LINES. 

1 . Since street arc-li^htiii}^ circuits are generally long^ 
considerably CAposed, and of coinparati vc'ly small wire, th(*y 
always ^ive more or less trouble on a( count <>1 grounds, 
breaks, and crossc'S. Breaks are of quite fre([uent occur- 
renc<‘, esi)ec‘ially durinjjj- lu'avy wind or slec^t storms, and 
very often cannot be detected by a m(‘re inspection of the 
line. The wire may be broken while the insulation holds 
the ends together, so that, to all a})pearan('es, the line is 
intact. Breaks are especially liable to ocinir at the point 
where the line loops from the pole to tlie lamps. 

(irounds are most likely to occur around th(‘ fronts of 
stores where the wires are run in proximity to iron awnings 
or fittings. Also, where the lines run through trees, there 
will always be more or less of a ground, espec'ially in wet 
weather. In this case, however, the trouble would be more 
correctly termed a leak, as it is due t^^) defective insulation 
and does not constitute a direct connection to ground, as 
would happen, for example, if one of the lines came into 
contact with an iron pole or a gas or water ])ipe. 

Crosses are caused by one line coming into contacT with 
another, and, under ordinary conditions, should not occur 
frequently if the line is well constructed. Of course, ht'.avy 
storms, especially sleet storms, may cause a great deal of 
trouble on arc lines, but we are now speaking of Hie 
troubles that are liable to occur under ordinary working 


conditions. 
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• All arc lines should be tested at intervals during the day 
to see if any faults have developed, so that they may be 
looked up and remedied, if possible, before it comes time to 
start up in the evening. There are various methods of 
testing for grounds and breaks, but in the great majority 
of cases they are located by the use of an ordinary 
magneto-bell. Such a bell is very convenient for testing 
purposes, as it requires no battery for its operation and is 
able to ring through a long length of line; moreover, it is 
easily carried around from place to place. Another testing 
instrument that will be found very useful around an arc 
station is a portable Wheatstone bridge. These are now 
made in a variety of forms that are compac't and convenient 
to work with. They are often very useful in locating faults 
on lines, but more particularly for making measurements 
of resistance on dynamo armatures and fields, arc-lamp 
spools, etc. 

2, Ijoeatln^y Breaks. — Series arc circuits should be fre- 
quently tested for breaks by connecting a magneto to the 
terminals of the circuit, at the station, and ringing it up If 
the bell fails to ring, it shows that the circuit is broken 
somewhere and the break should be looked up at once. If 



the circuit is aranged in loops that may be cut out by means 
of switches on the poles, the first thing to do is to cut out 
the loops in succession until a ring is obtained. This will 
show in which loop the break is, and the fault may then be 
further located, as described later; or, in many cases, it 
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may be found by a simple inspection. In general, however, 
the problem will be to locate a break on a simple series cir- 
cuit, such as that shown in Fig. 1. The irregular outline 
here represents the circuit, or portion of a circuit, of which 

b are the terminals; /, /, etc. represent the lamps. It is 
found by ringing up between a, b that there is a break on 
the circuit. We will indicate this break at the point x, 
though its location is not known as yet. The first thing to 
do is to connect a and b together and ground them, as 
shown by the dotted lines. The lineman then gties out to 
the point c, as near the middle of the circuit as possible, and 
opens the circuit by lowering a lamp and rcnnoving the 
wires or in any other way that may be convenient. He 
then attaches one terminal of the testing magneto to 
ground, by coniKiCting it with a hydrant or other ground 
connection that may be at hand, and the other terminal to 
one end of the circuit d He then rings up, and if the bell 
rings, it shows that the portion of the cinniit from d around 
to the station is all right and that the break is in the other 
half. He then closes the circuit at c and moves on to a 
place /, about half way between c and the station. The 
circuit is here opened and the magneto-bell connected as 
before. If a ring is obtained when the bell is ('onnected to 
the left-hand end of the line, it shows that the stretch of 
circuit f-g-b is intact; while, if the bell does not ring when 
connected to the right-hand side, it shows that the break 
is between f and r, because the ])i(.*vious test showed thiit 
the part d-l-l-a was all right. In this way, by making a 
few tests, the lineman can bx'ate the stretch of ( ir( uit 
in which the break occurs between narrow limits, and 
the break itself can then usually be located by a ( areful 
inspection. 

3. Locating? Cironiids.— When a line becomes grounded 
at any point -r, as indic’ated in big. the ground may be 
located by using a magnetf), in which case the ends of the 
line a, b at the station are left open, instead of being 
grounded, as when testing for breaks. The line is then 
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opened about the middle point c and each side rung up, 
one terminal of the magneto being connected to the ground. 
It is evident that the side on which a ring is obtained is 



Fig. 5>. 


the one on which the ground exists. The half on which 
the ground is located is then opened at its middle point, 
and, in this way, the part of the line that is grounded is 
soon located within narrow limits. 

4. Tjoeatinjj: (iroiiiuls l)y Means of Voltmeter. — If 

a high-reading voltmeter is available, it may be used for 
lo('ating grounds on an arc ciianiit, as indicated in Fig. 3. 


200 



The dynamo is here omitted, but it is supposed to be opera- 
ting the circuit connected to its terminals a, b. 

In this case we have, say, 15 lamps operated on a circuit. 
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The total pressure [generated by the dynamo will then be 
about 15 X 50 — 750 volts, allowing 50 volts per lamp. The 
difference of potential between the nej^ative side of lamp 1 
and a-\- will be 50 volts, between the negative side of 
2 and a-\- 100 volts, and so on, as shown in the figure. If 
we connect one terminal of the voltmeter to </ j and the 
other to ground, we will get a reading ^^henever there is a 
ground on the line. Suppose, for example, that then* is a 
ground at G. We will then have the voltmeter connected 
across four lamps and it will give a reading of about ‘^00 volts. 
The voltmeter reading, therefore, indii'ates how far the 
ground is out on the line. If, for example, we obtained a 
reading of about 100 volts, we will know that the ground 
is somewhere between the second and third lamiis. 

5, DifToreiitlal Method of Loeatlii^ (Grounds. —This 
method consists in balancing the drop through an artifu ial 
line against the drop through the portion of th<i circ'uit 
from the station to the point where the ground exists. The 
method will be understood by referring to h'ig 4. 

The terminals of the ( inaiit an* indicated at and, 

for the sake of illustration, we have shown 10 lamjis. The 
total pressure generated by the dynamo will be about 
500 volts, and the drop in pressure between a and differ- 
ent points on the circuit will increase as the lamjis an.* 
passed, as shown by the numbers /W, etc. d'he testing 
apparatus consists of a number of equal resistanc es /, rV, Ji^ 
etc. connected in series with terminals brought out to a 
switch, as indic:atecl. These resistaiK*es should be fairly 
high, say about 50 ohms each. Ordinary 52- volt incan- 
descent lamps will answer. A detec'tor galvanometer 6 is 
connected to the switch blade and to the ground. Any instru- 
ment that is reasonably sensitive will dcj, as it is not neces- 
sary for it to read either volts or amperes. 1 his devic:c 
should have as many resistanc:es as the greate.st numbcir c)f 
lamps on any circuit that is likely to be tested. One end x 
of the resistance is connected to The other end c>f the 

circuit — ^ is connected at the point so that the number of 
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resistances will correspond to the number of lamps on the 
circuit to be tested. The switch arm is then moved over to 
the right until the galvanometer deflection comes to zero. 
In this case, the deflection will become zero when the arm is 
at the point f between resistances 6 and 7. It is evident 
that the fall of pressure from through the artificial 
circuit corresponds to the fall in pressure from a-\- around 

200 750 300 350 



Fig. 4. 


the arc line ; hence, when a point is reached when the drop 
in pressure from a-}- around to the ground is equal to the 
drop in the artificial line, the two pressures counterbalance 
each other, as indicated by the arrows, and no current flows 
through the galvanometer. As soon as the point corre- 
spending to that where the ground exists is passed on the 
switch, the galvanometer will reverse its deflection. 
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LiairmiNCi PHOTKC TION YOU ARC 
(HRCIUTS. 

6 . Series arc-light circuits are very apt to bring in light- 
ning discharges to a station, because they t'over such large 
areas and are usually pretty well exposed. They should, 
therefore, be well protected by lightning arresters. The 
arresters used on arc circuits differ little, if any, from 
those used on other circuits C\'ire must, of course, be 
taken in selecting an arrester to see that it is adapt(id to 
the voltage of the circaiit. Many of the older types, which 
were quite satisfac'tory on circuits operating as high as 
hO t(^ 75 lamt)s, are not suitable for high-voltage circuits 
operating 125 to 150 lamps. If the older typt*s of arrester 
are to be operated on such circuits, two ot them should be 
connected in series. 

7 . Tlioinsoii Arrester. — Fig. 5 shows the O'hoinson 
magnetic blow-out arrester that has jirobably been used in 
the past more ex- 
tensively on arc cir- 
cuits than any other 
one type. It is simi- 
lar in jirinciple to the 
b 1 o w-o u t arrester 
used on constant- 
potential circuits, 
except that the coils 
are in series with the 
dynamo instead of 
being connected 
across an auxiliary 
air gap. The coils, 
therefore, carry the 
current all the time the dynamo is in operation. There is 
little objection to this in the case of an arc circuit where the 
current is small. For constant-potential circuits it would 
be inconvenient to carry the main current through the 
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blow-out coils, and unless they were of very low resistance 
there would be considerable loss of energy. The air gap is 
between the vanes c, c\ F ig. 0 shows how the arresters are con- 
nected. Current from the dynamo D flows through the coils A 
and out on the line, thus setting up a magnetic field between 



the pole pieces. When a discharge comes in over the line, it 
jumi)s from c' to c and passes off to the ground. The 
coils A act as choke, or reactance, coils to keep the dis- 
charge out of the dynamo, but sometimes additional choke 
coils are inserted, as shown at Z, Z, in order to make the 



Fig. 7. 


protection still more sure. This same style of arrester is 
mounted in a weather-proof box for use out on the line; the 
one shown in Fig. 5 is intended for use in the station. 
Fig. 7 shows two of these arresters connected in series for 
circuits on which more than 75 lights are operated. 
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8 . The type of blow-out arrester described in Electric 
Lighting, Part 2, and made by the General Electric Com- 
pany for use on direct-current lighting and power circuits, 
is now also used on arc-light circuits. This arrester has a 
smaller air gap than those just described and, hence, affords 
a better protection especially against static charges that 
gradually accumulate on the lines and do not take the form 
of a regular lightning discharge. Moreover, as the working 
parts of this arrester are mounted in a porcelain case, there is 
much less liability of dust and dirt becoming lodged in the 
air gap. 

9. The arresters just described are, of course, intended 
for use with direct current. For alternating-current sys- 
tems, the arresters described in Electric IJghting, Part 2, 
in connection with alternating-current incandescent cir- 
cuits may be used. 

10. IJjglitnlii^? Arrester for Are Hainps. — Although 

lightning may not get into the station, it sometimes punc- 
tures the insulation of the 
lamps out on the line and 
is responsible for many 
burned -out coils. In order 
to prevent this, small ar- 
resters, or, rather, simply 
spark gaps, may be con- 
nected across the terminals 
of the lamp. Fig. 8 shows 
a simple arrester for this 
kind of work. This con- 
sists simply of two brass 
cylinders with a small gap 
between them. When a 
discharge comes along the 
line, it will jump between 
the cylinders and thus pass 
along to the regular light- 
ning arresters, which will fig. 8. 
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carry it to ground. The lightning will jump the gap in 
preference to passing through the lamp on account of the 
self-induction and consequent reactance of the regulating 
coils in the lamp. 

11 . It will generally pay to have a number of arresters, 
connected between the line and the ground, distributed over 
the line instead of depending on the station arresters alone 
for protection. All arresters should be provided with a 
good ground connection, otherwise they will be of little 
value. 


STATlON^ EQUIPMEN^T. 

12. General Remarks. — Having considered the lamps 
themselves and the line used to convey the current to the 
lamps, next in order comes the apparatus for the generation 
and control of the current supplied to the various arc cir- 
cuits. This means a consideration of arc-light dynamos, 
switchboards, and methods of operating arc lights by alter- 
nating current. Attention has already been called to the 
fact that large numbers of arc lamps are run on constant- 
potential circuits. These lamps are operated by the same 
machines and from the same mains used for the incandes- 
cent lighting, so that the equipment described in Electric 
Lightings Part 1, is suitable whether the lamps be direct or 
alternating. We will, therefore, confine our attention to 
the special equipment necessary for operating constant- 
current series circuits. 

13. Lamps may be operated in series by means of a con- 
stant current, either direct or alternating. In case direct 
current is used, it is supplied by regular arc-light dynamos. 
In case alternating current is used, it is generally supplied 
from a constant-potential alternating-current dynamo sup- 
plying the lamps through a regulator or transformer of some 
kind that will serve to keep the current at the correct value, 
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no matter how many lamps there may be in the circuit. 
Constant-current alternators have not as yet been used to 
any great ex.tent, but as the use of series alternating arc 
lamps extends, it is quite probable that they may be used 
more than has been customary in the past. 


CONSTANT-CUUKEXT AIU-I.KIIIT DYNAMOS. 

14 . The constant-current arc-bglit dynamo may in 
many ways be considered as a decided c'ontrast to the con- 
stant-potential direct-current machines used for low-pressure 
lighting or street-railway Avork. In the first place, arc 
machines must generate a comparatively small (nirrent 
(from G to 10 amperes), but the maximum i)ressnre that 
they are called upon to deliver at full load is very high. 
Moreover, they must be ('onstructed so as to keep the cur- 
rent at the required amount through a wide range in the 
number of lamps operated. 

The constant-potential dynamo does just the opposite. It 
maintains the pressure (usually from 110 to 000 volts) at a 
constant or nearly constant value and th(‘ (‘urtcuit varies 
with the load. A constant-potential machine ('an be made 
self-regulating by providing it with a com])oun(l ficOd wind- 
ing. In order, however, to make a direc't-c'ui rc^nt machine 
regulate for constant current, it is necc^ssary to provide it 
with an electromechanical regulator of senne kind that will 
adjust the voltage with changes in load, so as to keep the 
current constant. 

These regulators are always more or less complicated. It 
is quite a common thing to go into arc-light stations and 
find the regulators thrown out of action. Some of them 
give so much trouble that the station men })refer to regulate 
the machines by hand rather than bother with them. Most 
of these regulators shift the brushes, and if the load does 
not change suddenly (as, for example, on a street-lighting 
circuit), the dynamo tender can regulate the current by 
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watching the ammeter and regulating the position of the 
brushes by hand when necessary. On the other hand, many 
constant-current arc piachines regulate almost perfectly and 
give very little trouble if the machine is only kept clean and 
in good condition. 

15 . For convenience, constant-current arc machines 
may be divided into two general classes: {a) those with 
open-coil armatures and {b) those with closed-coil arma- 
tures. The Brush and Thomson-Houston machines belong 
to the first class, and the Fort Wayne or Wood, Excelsior, 
Western Electric, and Ball belong to the second class. 


OPEN-COXn MACniTNES. 

16 . The Thomson -Houston (T. II.) Dynamo. — This 
machine has been very largely used for arc lighting and 
has given excellent service, notwithstanding the fact that its 
regulating mechanism is rather complicated and that, as a 
whole, it has more peculiarities than almost any other direct- 
current machine in common use. The General Electric 
Company, who succeeded the Thomson-Houston Company, 
do not now manufacture this type as their standard arc 
machine; but since large numbers of T. H. machines are in 
use, we will consider a few points regarding them. 

Fig. 9 shows the general appearance of this arc machine, 
and Fig. 10 shows how it is connected with the wall con- 
troller and the lamp circuit. The arrangement of the plug 
switchboard, which is merely shown at Fig. 10, in order 
to make the diagram complete, will be fully explained later. 
/)’, Fig. 10, is the wall controller that is used to throw the 
regulating magnet J/, Fig. 9, into or out of action whenever 
a movement of the brushes is necessary to keep the cur- 
rent constant. R is an adjustable rheostat connected in 
shunt with the right-hand field coil. Constant-current arc ' 
machines are always series-wound, i. e., the field coils are 
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connected directly in series with the armature. If a shunt 
is connected across one of the field coils, as in this case, the 
current through that coil is reduced and the field is corre- 
spondingly weakened. This rheostat is used to improve the 
regulation of the machine when it is operated on a number 
of lamps considerably less than its normal capacity. The 



Fig. 


machines are, however, frequently operated without any 
rheostat, especially if they are worked at nearly full load. 
IV is a recording wattmeter used to measure the total work 
done by the machine. The current coil of this wattmeter 
is connected in series with the dynamo and lamps, and the 
pressure coil is connected across the terminals of the dynamo 
in series with the resistance r. 

17. Armatures for T. II. Dynamos. -The old style 
T. 11. armature was nearly spherical in shape, but it was 
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essentially of the drum type, because the wire was wholly on 
the outer surface of the core and the coils overlapped. The 
objections to it were that it was difficult to wind, difficult 
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Fig. 10. 


to repair, and poorly ventilated. The later types of T. H. 
machines are, for these reasons, equipped with the ring- 
type armatures. 
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I''ig. 11 indicates the construction of tliis later type of 
armature. In this figure, the spider that supports the core 
has been removed, 
and only a portion 
of the coils is shown 
in place, in order to 
indicate the method 
of construction. The 
core A is built up of 
sheet iron and has 
a slot S in it wide 
enough to admit the 
coils c, so that they 
may be removed if 
necessary. A laminated iron {)iece htting into slot 5, is 
held in position by end ])ieees and locks tlie c'.orci securely. 
The coils c are wound on forms and are heavily insulatial. 
The core is supported by the radial arms of tlie armature 
spider which fit into grooves. Tliis style of armature gives 
much better ventilation than tlie older tyjie and is very 
much easier to repair in case a coil burns out. 


(a) 0) 

Fig. 12 . 

18 . The connections for the ring armature are the same 
in principle as those of the drum. The coils are divided 
into three groups and one end of each group is connected 
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to a common junction. The remaining three ends are then 
carried to the commutator segments. Fig. 12 {a) and {d) 
shows the connections of a T. H. ring armature, (a) being 
the connections as seen from the commutator end and {6) 
from the pulley end. The individual coils of each group, 
such as a, i?, r, <7, r, etc., are connected in series. The ends 
marked i are inside ends of coils; those marked <9 are outside 
ends. Outside of the change in the style of armature and 
some improvements in the bearings, the T. H. machine has 
been changed but little since it was first brought out. 

IIL (ienoral Uemarks on T. II. Macliines. — In opera- 
ting the T. H. machine, care must be taken to see that the 
brushes are correctly set, with regard to the commutator, 
and also that the commutator is properly set the shaft, 
with regard to <he armature. Instructions for doing this 
are furnished by the manufacturers and a gauge is pro- 
vided for setting the brushes. Failure to attend to these 
points will result in ‘‘flashing,” or the machine may refuse 
to pick up its load at all. 

20. Flasliinjj: IS a fault to which arc-light dynamos are 
especially subject. It consists in a momentary short-cir- 
cuiting of the machine by an arc jumping around the com- 
mutator from brush to brush. This produces a flash, so well 
known in connection with these machines. It may arise 
from a number of different causes. In the T. li. machine, 
an improper setting of the brushes or commutator referred 
to above may cause it, also defects in the air blast. If the 
jets become stopped up or if the blower itself is out of order, 
the puffs of air will not be delivered so as to blow out the 
spark. This will allow it to carry over to the adjacent seg- 
ment and a flash will result. A flash is immediately followed 
by a lowering of the regulator and must not be con- 
founded with the ordinary sparking of the machine. When 
a T. H. machine is running under normal conditions, there 
is a spark about to ^ inch long at the ends of the brushes. 
This spark has a violet tinge and does no special harm ; in 
fact, an experienced hand can tel) by the size and color of 
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the spark if he has the brushes and commutator adjusted 
correctly or not. When flashing occurs, it generally indi- 
cates that something is wrong, and the trouble should be 
looked up and remedied. Bad contacts in the wall controller 
are another cause of flashing; an overload on the dynamo or 
a low speed will also give rise to it. Sometimes flashing is 
caused by a short circuit or open circuit in one of the arma- 
ture coils. Trouble of this kind in the armature will, as a 
rule, not only cause bad flashing, but will also cause the 
brushes to spark much more than usual. Sometimes flash- 
ing occurs when there is no fault in either the wall con- 
troller or the dynamo. The wires may be (Tossed at some 
point on the line, so that as they sway back and forth, part 
of the circuit is cut in or out, thus throwing j)art of the 
load on and off. With S(une styles of differential lamps a 
break in the shunt circuit of one or more of the lamps will 
often cause flashing. Such a break may be caused by light- 
ning and will prevent the lamp feeding when it shc^uld. 
The characteristic of flashing resulting from this cause is 
that it occurs at regular intervals. As the carbons of the 
faulty lamp burn away they become farther and farther 
apart, because the shunt coil is out of action and cannot make 
the lamp feed. The resistancx^ of the arc finally becomes 
so great that the dynamo can no longer keep the current 
constant and the machine finally flashes. Ihis momen- 
tarilv cuts off the current from the circuit, so that the 
carbons dre^p together and the same performance is i epcated. 

21 . Sparking. — As already stated, T. H. machines 
always run with a spark, even when they are in perfect con- 
dition. Sometimes, however, they spark more than they 
should, and in such cases the trouble should be looked 
up. Inaccurate setting of the brushes, loo.se brushes, or 
loose commutator segments will cause sparking. Defects 
in the air jets, dirty commutator, too much oil on com- 
mutator, and ragged or bent brushes are other causes. 
Sparking is sometimes caused by the dynamo generating 
a larger current than it should If this is the case, it 
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will be indicated by the ammeter, and the wall controller 
should be inspected and adjusted. On account of the pecu- 
liar construction of the T. II. machine, there are a great 
many things that may give rise to flashing and sparking. 
Those given above are a few of the more important ones. 
It must not be inferred, however, that the machine is not 
satisfactory on this account. In fact, there are few arc 
dynamos that have given such generally good service as 
the T. H., and after a man has worked around them a wdiile 
he soon becomes accustomed to the method of handling 
them and has very little trouble. The wall controllers 
require scarcely any attention and will work year in and 
year out without giving trouble. The T. H. machine has 
been replaced by other types, not because it was unsatisfac- 
tory, but because of the demand for larger machines of 
higher efficiency which could handle a larger number of 
lamps. Most of the older styles of constant-current arc 
dynamos had a very low electrical efficiency compared with 
constant-potential dynamos of the same output. 

22 * The Brush Arc Dynamo. — The old style Brush 
arc machine was very simple in construction. Large num- 
bers of these machines are still in use, but they are gradually 
being replaced in the larger plants by the later style shown 
in Fig. 13. These machines are much larger than the bipolar 
type and have a higher efficiency. The armature Jll is of 
the ring, open-circuit type, and its general construction is 
the same as that of the older style armature with a number 
of improvements in the mechanical details and method of 
insulation. The connections are also slightly different in 
order to adapt the armature to a four-pole field. Instead of 
connecting diametrically opposite coils in series, as in a 
two-pole machine, four coils situated one-quarter of a cir- 
cumference from one another are connected in series and 
the terminals brought out to the commutator segments. 

The field is the same in some respects as that on the old 
machine, but there are four poles on each side of the arma- 
ture instead of two. On each side the poles are alternately 
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north and south, but poles directly opposite each other are 
of the same polarity. For example, in Fijr. KJ, poles .1, A 
are alike and of one polarity, while />, /> are also alike but 
of opposite po\a.Tity to A, A, In placing and connecting 



the field coils, the instructions sent out by the makers 
should be followed carefully, and it is always a good plan to 
send current through the coils and test the polarity with a 
compass before starting up the machine. 

33. The other chief point of difference between the new- 
style and old-style Brush machine lies in tne regulator. 
The old regulator was entirely separate from the dynamo 
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and took the form of a carbon resistance connected in 
shunt across the terminals of the field. This resistance 
was made of a pile of carbon plates that were pressed 
together by a lever pulled by a magnet connected in series 
in the circuit. If the current increased, the magnet pulled 
on the lever and pressed the plates together, thereby lower- 
ing the resistance in shunt with the field. This allowed a 
greater proportion of the current to flow past the field 
windings, thus cutting down their magnetizing power, low- 
ering the voltage, and bringing the main current back to 
its proper value. If any regulation of the brushes were 
necessary to prevent undue sparking, it was accomplished 
by hand. In the later machines the regulator is mounted 
on the dynamo and not only varies the amount of the 
resistance shunted across the field, but also tips the brushes 
so as to regulate the sparking. 

24. The regulator. Fig. 13, is in the box C and will be 
described in detail later. The rheostat D is connected in 
shunt across the terminals of the field by means of the 
wires a\ This resistance is divided into a number of 
steps^ connections to which are made by an arm moving 
over the contacts b. This arm is moved by the regulator 
and at the same time the brushes are tipped by means of 
the rocker-arm c attached to the brush-holder yoke d. 

25. The Ilej?ulator. — Two types of regulator have 
been brought out for the multipolar Brush machines. The 
first type used magnetic clutches to move the rheostat arm. 
A shaft on which were mounted two magnetic clutches was 
driven at a uniform speed by a belt from the main shaft. 
The shaft carrying the rheostat arm was moved by the 
clutch shaft by means of beveled gears, so that when cur- 
rent was allowed to pass through one clutch, the rheostat 
arm was moved in one direction, and when the other clutch 
was thrown into action, the arm was moved in the opposite 
direction. The current through the clutches was regulated 
by a wall controller. This controller consisted of two series 
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magnets provided with armatures carrying contacts, so that 
when the current became low one clutch was energized, and 
when too large, the other. This form of regulator is not 



now manufactured, so that it will not be necessary to describe 
it in detail. The one now made is shown in Fig. 14. This 
regulator is shown at C, Fig. 13, but Fig. 14 is a larger 
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view, showing the regulator with its rheostat detached from 
the machine. It requires no wall controller and is oper- 
ated by an encased magnet m connected in series with the 
lamps. The magnet in does not move the rheostat arm a, 
but simply controls a valve that admits oil under pressure 
to either side of a vane or piston that swings around in the 
closed chamber b. The oil pressure necessary to operate 
the piston is maintained by means of a small rotary pump c 



driven by a belt from the dynamo shaft running on pulley d. 
The lower case is filled with oil to a point a little below the 
rheostat-arm shaft. 

Fig. 15 shows the working parts of the regulator with the 
outer casing removed. The pump consists of two gears 
1, 2, Fig. 15, meshing with each other. Oil is drawn from 
the lower part of the box and discharged through the valve, 
which moves up and down in a chamber at e. The series 
magnet ni pulls on the lever o, which operates against. 
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the adjusting spring /. The valve is operated by means of 
the link r. The piston or vane b is movable and -is free to 
swing around in the chamber t. The partition w is fixed, so 
that when oil is pumped in above iv and is allowed to flow 
out below, the vane b moves clockwise and moves the rheo- 
stat arm in the same direction. When oil is pumped in on 
the lower side and allowed to flow out on the upper, the 
vane iiToves counter clockwise. When the current is at its 
normal value, the valve is in its central position and the ports 



are arranged so that the oil passes in and out of the valve 
chamber without affecting the piston. Under such circum- 
stances, therefore, the rheostat arm remains stationary. 

Fig. 16 shows the arrangement of the valve. It is here 
shown in its mid-position and the arrows show how the oil 
flows past the valve and back into the chamber. When the 
valve is raised slightly, the flow through the ports o is 
stopped and oil is forced into the chamber a', thus for- 
cing the piston to the right, or clockwise. As soon as 
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the current has regained the normal amount, the valve 
again assumes the central position and the oil flows through 
it as before. If the current falls below normal, the magnet 
becomes weakened and the valve moves beloAv the central 
position. In this case the upper chamber x is cut off from 
the pump, but is opened to the outside while the cor- 
responding lower chamber is opened to the pump and cut 
off from the outside and the vane or piston b is forced to 
the left, or counter clockwise. The valve s is used to make 
an opening between the two chambers, so that the action of 
the regulator may be stopped when desired. Any adjust- 
ment that may be found necessary is made by varying the 
tension on spring />, Fig. 15, by means of the knob / at the 
bottom of the case. The quickness of action can also be 
regulated by varying the length of the stops /, f on the 
levers?, Fig. 15. 

30. In addition to moving the rheostat, the regulator 
also tips the brushes by means of an arm extending down 
from the rocker and carrying a toothed arc that engages 
with a small spur wheel on the shaft carrying the rheostat 
arm. By this movement the brushes are adjusted with 
the changes in load so as to keep the spark at the brushes 
about I inch long on short circuits and { inch long on full 
loads. 

vSome of these machines are provided with what is called 
a spark-controllliigr switch. This is an adjustable resist- 
ance in series with the rheostat. By varying this resistance, 
the field strength of the machine may be adjusted, to a cer- 
tain extent, independently of the position of the rheostat 
arm, and the field strength determines, to a large extent, 
the amount of sparking. On these machines the spark at 
the negative brush (the top or horizontal brush) follows the 
brush in a zigzag line, while that on the positive, or vertical, 
brush follows the brush in a straight line. 

27. The controller described above will hold the current 
at its correct value with very little variation either way. 
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Its chief advantages over the magnetic clutch controller are 
that it requires no wall controller and it is not so liable to 
give a seesawing effect. The regulation is brought about 
more evenly than when clutches are used and is not so liable 
to overshoot the mark and then have to be brought back 
again, thus giving rise to surging effects in the current. 
The oil regulator is comparatively sim])le in construction, 
and there are few parts of it that are liable to give troubb*, 
and the moving parts run in oil, so that the wear is very 
slight. A light dynamo oil should be used, and when the 
machine is first installed the old oil should be drawn off and 
replaced by new at least once a week until all grit and dirt 
have been cleaned out. The cover must never be left off 
the regulator. 

28. Connections of Multipolar Jiriisli Arc Ityiiaino. 

The number of coils on the armature and the number of 
commutators depends on the size of the machine. The 
larger sizes have four commutators and the smaller three. 
Each group of coils, with its commutator and brush(*s, may 
be considered as a dynamo by itself, because the various sets 
of windings have no connection with one another unless 
they are connected through tlu‘ outside ('irc'uit. On account 
of having this style of armature winding with a number of 
separate commutators, the mac'hines may easily be con- 
nected so as to operate a single circuit or a number of cir- 
cuits, as previously explained. 


CI^OSEI>-COII. MACIIINKS. 

29. The Wood Arc Dynamo. — This machine has a 
simple closed-coil ring armature and a commutator divided 
into a large number of segments so as to make the voltage 
between .segments low and prevent undue sparking, hig- 17 
shows one of these machines of 125 lights capacity, and, 
therefore, capable of generating about C»,250 volts at full 
load. The controlling magnet m of the regulator here 


J. in.— SI 
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shown is connected in series with the line and operates the 
lever n. The brushes are moved by means of a small double 
friction clutch that is contained in the casing shown at a. 
When the lever is pulled up beyond the normal position, the 
clutch moves the brushes forwards by means of the gears 
thus lowering the current. If the current becomes 
too weak, the lever moves down and the clutch moves the 



brushes back, thus increasing the current. These machines 
operate on a single circuit and are made as large as 
1 50 lights capacity. The largest size of machine is of a some- 
what different design from that shown in Fig. 17, but the 
principle of operation is the same. The connections used 
with the Wood system are very simple. The armature, 
fields, and regulating magnet are all connected in series, 
and the regulation is effected altogether by tipping .the 
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brushes, there being no rheostat of any kind in shunt with 
the fields. 

30 . The Excelsior and Western Electric* machines also 
have closed -coil armatures. The larger sizes (^f the more 
recent Western Electric machines are of the four-])()le type 
and have two pairs of brushes. This dynamo is provided 
with two regulators and supplies two circmits in ])arallel. 
Each of the regulators controls one pair of brusht^s. This is 
a somewhat different multiple-circuit arrangcmt‘nl from that 
of the Brush machine, because there the two loops or circ uits 
are in series and the ('urrent is bound to be the same in 
each, hence only one regulator is lU'c'dcd. Moreover, if the 
circuit is opened at any i)oint, the full jiressure of the dynamo 
is obtained at the break. AVhen the cinmits ar(‘ in paraded, 
it is evident that each circuit must have a regulator of its 
own, but under no circumstances can the i)ressure obtained 
exceed that which is ordinarily aiijdied lo one cinmit, i. e., 
half the pressure that the machine would have to generate 
if all the lam])S were connected in series. 

31 . General Remarks. — From the above it Avill be 
noticed that the general tendency has been to produce arc 
machines of larger output rather than to make any radical 
change in the design. The most modern Brush maidiin(‘S 
are almost exactly the same, so far as general principle's are 
concerned, as those first manufactured. When it c omc*s to 
making large constant-current machines, however, diffi- 
culties are met with on account of the high voltage that they 
must generate, and the largest size of Brush mac hine is only 
of about 70 kilowatts capacity. This machine generatc*s 
9.6 amperes at 8,000 volts or 0.0 amperes at 11,000 volts, 
depending on the winding with which it is provided. These 
machines, while small compared with most c'onstant-potential 
dynamos, are considerably larger than the older types of 
arc machines and have a somewhat higher efficiency. Large 
machines are almost a necessity in city stations where a 
large number of lamps must be operated and where floor 
space is limited. 
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CARE OF ARC MACHINES. 

33. The ordinary constant-potential dynamo, genera- 
ting current at 110, 220, or 500 volts, will give compara- 
tively little trouble if it is kept clean and the commutator 
attended to. Carbon brushes will wear for a long time 
without requiring much attention. On the other hand, 
arc machines require considerable attention. It is not the 
intention here to take up the points relating to particular 
types of machines, but simply to take up a few points 
applying to arc machines in general. Instructions relating 
to particular makes of machines are furnished by the man- 
ufacturers. 

33. Insulation of Macliinc. — The insulation between 
an arc machine and the ground should be high and the 
mounting should be carried out with this end in view. 
The dynamo should be fastened to a heavy frame, made of 
well-seasoned wood, oiled and varnished. The foundation 
bolts should be so countersunk in this frame that there will 
be no danger of the base of the machine or its holding-down 
bolts coming into contact with the foundation bolts. The 
arc lines connected to the machines are always more or 
less grounded, and a ground on the dynamo frame will 
help to bring about a breakdown, besides being dangerous. 
Sometimes static charges, caused by the driving belt, will 
accumulate on arc machines where the insulation from the 
ground is very high These charges may sometimes be 
seen jumping from the pole pieces to the armature coils and 
thence to ground. In order to lead off such charges, a very 
high resistance may be connected from the frame to the 
ground. Resistances made of graphite are often used for 
this purpose, but in most cases a small charred groove from 
the base of the machine to a foundation bolt will answer. 
A heavy rubber mat should be provided at each arc machine 
for the attendant to stand on. One cannot be too careful 
when working around such high-pressure machines and it is 
best not to take any chances. 
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34. Cleanini? and Wiping.— In the first place, the fact 
must never be lost sight of that series arc dynamos generate 
a very high pressure, much higher, in fact, than many of 
the alternators in common use. Cleanliness is essential 
with all dynamo-electric machinery, but it is especially 
important in the case of arc machines All dust and dirt 
must be kept off them or a short circuit of some kind is 
bound to occur sooner or later. It will pay any station that 
operates many of these nuu'hines to put in a small air com- 
pressor and pipe compresK'd air around the station, so that 
the dust and dirt may be blown out. Holes and corners 
can be reached in this way that would never be touched 
or that could not be reached otherwise. Although a 
dynamo may look clean to outside ajipearances, dirt and 
copper dust will often accumulate in just those places where 
it will eventually cause a breakdown and from which it 
would be dislodged if a stiff air blast were usc‘(l. The (‘om- 
mutator of an arc machine always re(|uires more or less 
sandpapering, and the copper dust resulting from this is 
especially liable to give trouble WherevcT terminals are 
carried through castings by means of bushings, as, for 
example, on the legs of the T. II. dynamo or where brush- 
holder studs pass through the rocker-arm, c.ire should be 
taken to see that the insulating washers are kept clean It 
is a good plan to clean them with benzine oc'casionally and 
to give them a coat of clean, thick shellac. Machinc^s 
should, if possible, be wiped and thoroughly cleanecl imme- 
diately after they are shut down. When the machines are 
warm, the cleaning is much more effective than after they 
have cooled down. 

35. liruslies and Commutator. — Arc machines always 
spark more or less. This is especially true of the open-coil 
machines, i. e., the Brush and T. 11. This sparking does not 
cause as much burning of the commutator and brushes as 
might at first be expected, because the volume of current is 
small and the heating and burning effects are also small If 
the same amount of sparking occurred on a constant-potential 
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machine delivering a large current, the commutator and 
brushes would very soon become burned. At the same time, 
the segments always roughen up to some extent and the 
commutator should be cleaned. On the T. H. and Brush 
machines a strip of very fine sandpaper (never emery or 
crocus cloth) held against the commutator for a minute or 
two just before the machine is shut down should be suffi- 
cient to keep the segments smooth, unless they have been 
allowed to get in very bad shape. This may be done with- 
out removing the brushes, but all copper dust should be 
thoroughly cleaned or blown out afterwards. It is often a 
good plan to i)ut a little oil on the commutator, as it gener- 
ally prevents the cutting of the segments. Oil should, how- 
ever, be used in very small quantities. If too much is used, 
it will make the commutator blacken or it may cause flashing. 
In working around the commutator of these machines, great 
care should be taken. Use only one hand, and if it is neces- 
sary to wipe ofif the commutator, fasten the cloth on the end 
of a stick, so that it will not be necessary to bring the hand 
close to the brush holders. 

36, Nearly all arc machines use copper brushes. An 
exception to this is the Western Electric dynamo, which uses 
graphite or carbon brushes. The T. H. and Brush machines 
use thin brushes, consisting of one thickness of rolled copper 
about .03 inch thick. The brush is divided into a number 
of fingers by longitudinal slits, in order to make it flexible. 
Brushes of this kind should rest on the commutator tan- 
gentially and should be sprung or bent just enough to 
give a good, firm contact. Gauges for setting the brushes 
are generally sent with the machines. The copper brushes 
used on the Wood, Excelsior, Ball, and other machines 
having closed-coil armatures are made up of a number 
of leaves of thin, rolled copper (usually from .01 to .015 inch 
in thickness). These brushes are set at a slight angle 
to the commutator, so that the end wears down on a 
bevel. The sparking always burns the ends of the brushes 
more or less and draws the temper from the copper for a 
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short distance back from the tip. This necessitates clipping 
off the ends from time to time, so as to keep them straight and 
smooth. After being clipped, the ends should be smoothed 
up with a fine file. As these brushes are quite thin and do 
not carry a heavy current, it is not necessary to file the ends 
to a bevel to suit the commutator, as must be doi^e with the 
thick copper brushes used on constant-potential machines. 


37. Troubles in Ariiiatiires. — The troubles in arc 


armatures are usually of three kinds: short circuits^ 

and open circuits. Cxrounds are generally caused by the 
insulation breaking down between the core and one or more 
of the coils. As it is not usually possible to get at the insu- 
lation between the core and the coil, the only remedy is to 
rewind the defective part. vShort circuits are caused either 
by two commutator bars becoming ('onne('ted together, by 
the coil terminals becoming connected, or by a connection 
being made between the turns of the coil itself. In any 
event, a short-circuited coil is almost sure to burn out as 
soon as the machine is started, because the coil with the 
short circuit forms a closed circuit in itself, and as soon as it 
begins to cut lines of force, heavy local currents flow in it. 
An open cirtuiit in a coil will not, of course, cause the coil to 
burn out, but it will cause bad sparking at the commutator. 

On closed-coil armatures, where the number of coils is 
large, a defective coil may be cut out temporarily without 


interfering, to any great ex- 
tent, with the operation of the 
machine, but it should be re- 
newed at the first opportunity. 
A coil may be cut out by dis- 
connecting its terminals from 
the commutator and putting a 
short piece of wire or a jumper 
in its place, as indicated in 
Fig. 18 {a) and (h). Here a 
is the defective coil connected 




to the bars in the usual way, 


Fig. 18. 
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as shown in {a). This coil may be cut out by disconnecting 
its ends x, y, fastening them back out of the way, and con- 
necting bars c, d by means of a small piece of wire or 
jumper as shown in Fig. 18 (b). This will usually tide 
over the difficulty in case of a ground or open circuit in 
coil a. In case the trouble is an open circuit, it is always 
well to examine the leads coming out to the bars very care- 
fully before cutting out the coil altogether. A large pro- 
portion of the breaks met with are in these leads and not in 
the coil itself, and can be repaired without much difficulty. 
If any soldering is necessary to repair the break, use a solu- 
tion of rosin in alcohol for a flux, but do not use soldering 
acid. Also, turn the armature around so that none of the 
solder will drop in where it will be likely to give trouble. 
In case a coil has a short circuit within itself, it will, of 
course, burn out whether it is disconnected from the other 
coils or not, and in so doing it is liable to injure adjacent 
coils. It is best, therefore, to rewind such a coil before 
attempting to operate the machine. 

38 . Troubles in Field Coils.— The field coils of arc 
machines are^more liable to become grounded than those of 
constant-potential dynamos because of the high pressures 
used. Open-circuited, grounded, or short-circuited field 
coils may be located by applying the ordinary tests. 

Arc machines should be rung up with a magneto for 
grounds from time to time, and it is best to make a practice 
of doing it every day. The newer types of machines are 
very heavily insulated, but as a ground is not only liable to 
interfere with the operation of the machine, but is also 
decidedly dangerous, it is best to test out the machines at 
regular intervals. Sometimes, especially on some of the 
older machines, the insulation on the inner layers of the field 
winding becomes gradually carbonized so that the layers 
become short-circuited. When this happens, the machine 
will not be able to generate its full voltage and carry 
its load. A careful measurement of the field resistance 
with a Wheatstone bridge will usually show whether any 
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of the layers are short-circuited or not. The correct field 
resistance is usually given by the makers, so that a defective 
field coil may be detected. 

Grounds on field coils are sometimes caused by lightning 
getting into the machine and puncturing the spool insula- 
tion. In other cases, they may be caused merely by a 
gradual deterioration of the insulation due to heat or other 
causes. In rewinding the fields or armatures of arc 
machines, great care should be taken to see that the 
insulation on the ends and on the cylindrical part of the 
spool is as perfect as possible. Carelessness in insulating 
these spools or armature coils when rewinding often results 
in a burn-out almost as soon as the machine is started up. 
Fine cambric treated to four or five coats of insulating 
varnish, mixed with a small amount of linseed oil and al- 
lowed to dry, will be found to make an excellent insula- 
ting material and is much better than cotton covered with 
ordinary shellac varnish. The safest plan, however, is to 
note carefully the way in which the spool was insulated 
before and then see that it is repaired so as to be at least 
as good. 

39. Reversal of Polarity. — Sometimes the polarity of 
arc machines becomes reversed. This is usually due either 
to lightnifig, wrong plugging at the switchboard, or the 
circuit from the machine coming into contact with some 
other circuit. When a machine’s polarity is reversed, the 
lamps operated by it will burn “upside down,” i. e., the 
lower, or short, carbons will be positive and will burn twice 
as fast as the upper. If the current is allowed to flow in 
the wrong direction for any great length of time, the bottom 
carbon holders will be destroyed. It is important, there- 
fore, to see that trouble of this kind is remedied as soon as 
possible. As far as the lamps are concerned, the trouble can 
be overcome by simply reversing the plug connections at 
the switchboard, but the polarity of the dynamo should be 
righted at the first opportunity. This may be done as fol- 
lows: Connect the brushes together by a piece of wire so 
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that the armature will be short-circuited and, hence, will 
allow current to pass through the fields without running 
the machine as a motor. On the T. H. machine this can 
be done by simply closing the armature short-circuiting 
switch, or field switch, as it is sometimes called. Then 
connect the positive pole of another machine to the 
negative pole of the machine to be fixed and allow the 
current to flow for a few moments. If another machine 
is not available, a number of cells of battery may be 
used. This will reverse the polarity and bring the machine 
back to its former condition. After this is done, the short- 
circ'uiting loop may be removed from the brushes. Do 
not attempt to reverse the polarity while the machine is 
running. 

4-0, Are Macliiiies in Series. — Sometimes 

conditions may arise where it is necessary to run two arc 
machines in series in order to supply the lamps on a given 
circuit, because the number of lights to be operated may 
exceed the capacity of any one of the available machines. 
The two machines are connected in series by connecting 
the positive terminal of one to the negative terminal of 
the other, in just the same way as cells of battery are con- 
nected together when their E. M. F.’s are to be added. 
When arc machines are run in this way there is often 
trouble due to the current seesawing or Jiiinti7ig\ as it is 
sometimes called. 

The current, instead of remaining steady, surges up and 
down. This is caused by the unstable action of the regu- 
lators on the two machines; both try to do the regulating 
at once and the result is an unstable condition of affairs. 
The best thing to do under such circumstances is to throw 
one regulator out of action and make the machine generate 
its full-load voltage by blocking the regulator or setting the 
brushes at their position of maximum E. M. F. This 
machine will then generate a constant E. M. F., and what- 
ever changes are necessary will be taken care of by the 
regulator on the other machine. 
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ALTERKATIISTG-CITRUEISTT ARC- LIGHT DYNAMOS. 

41 . Constant-Current Alternatoi*s. — The operation 
of arc lights in series from constant -current alternators is 
not common, although large numbers are operated in })ar- 
allel from constant-potential machines. 'Fhere is no par- 
ticular reason why a constant-current alternator cannot be 
built, and, in fact, such alternators have been built and 
used to a limited extent. They have, however, the same 
disadvantage as direct-current ('onstant-current machines; 
i. e., in order to operate a large number of lamps they 



Fig lU 

must generate a high pressure, and it is not possible 
to build machines of large output because of the diffi- 
culty of insulating them properly. In the few cases 
where lamps have been operated from constant-current 
alternators, each lamp was usually supplied through a 
transformer connected in series with the line, as indi- 
cated in Fig. 19. These transformers were usually wound 
for a ratio of transformation of about 1 to 1 or 2 to 1 ; 
i. e., to get a pressure of 50 volts across the lamps, 
the pressure across each primary would be 50 or 25 volts 
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and the pressure generated by the alternator would be, 
approximately, equal to the pressure across each trans- 
former multiplied by the number of transformers connected 
in the circuit. 

This method of operating alternating arc lamps was origi- 
nally brought out before the enclosed-arc lamp came into 
use, but was never adopted to any great extent, more on 
account of the unsatisfactory operation of the alternating- 
current open-arc lamp tharn anything else. Now that 
the alternating-current enclosed-arc lamp has proved a suc- 
cess, it is quite possible that the use of constant-current 
alternators may become more common. The Westinghouse 
constant-current alternators are the same in general con- 
struction as their constant-potential machines, but are 
made so that the armature will exert a strong react itm 
on the field. The armature reaction of these machines 
is so heavy that any increase in current decreases the field 
strength to such an extent that the current remains con- 
stant. They do not, therefore, require any outside regu- 
lating device, or, in other words, they were said to have 
inliereiit regulation. 

42. Although it is quite possible to operate alternating- 
current arc lamps in series from constant-current idterna- 
tors, as described above, the present practice is to generate 
the current by constant-potential alternators and then to 
supply it to the series circuits either directly, by means of 
special constant-current transformers, or through a regu- 
lator of some kind that will vary the E. M. F. applied to 
the circuit as the load varies. The advantage of this plan 
is that it allows series arc lamps to be operated from the 
same dynamo used to operate incandescent lamps. Also, 
one large alternator operating at a moderate pressure can 
be made to operate a large number of series lamps by run- 
ning a number of circuits all fed in parallel from the same 
dynamo and each circuit provided with an independent 
regulator or transformer to keep the current in that cir- 
cuit constant. 
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OPERATION OF SERIES ARC LAMPS FROM CONSTANT- 
POTENTIAL. ALTERNATORS. 

4:3. Operation Directly From Machine. — Suppose that 
we have an alternator A, Fig. 20, generating current at a 
constant pressure of 2,000 volts. If we use enclosed-arc 
lamps, each lamp will take about 81 volts and we may con- 
nect about 25 lamps in series across the line, as indicated. 
This is similar to the method previously described for opera- 
ting incandescent street lamps in series. With this scheme 
of connection it is necessary to provide each lamp with a 
cut-out of some kind that will insert a resistance or reactance 



Fig. 20. 

in the circuit whenever a lamp is cut out. If this were 
not done, the current would increase whenever a lamp 
was cut out, for it must be remembered that the pressure 
applied to the circuit is constant no matter how many lamps 
may be in operation. Each lamp is, therefore, provided with 
a small ch )ke coil that sets up a counter E. M. F. and keeps 
the current constant. A coil of this kind consumes but 
little energy, but it introduces a certain amount of self- 
induction into the circuit and lowers the power factor. 

44. Use of Adjustable Transformer. — The operation of 
lamps direct from the machine is only possible when the 
number of lights on the circuit is suited to the voltage of the 
dynamo. This is generally not the case, and the above 
arrangement is, therefore, of limited application and has 
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been used in comparatively few cases. Instead of supplying 
the lamps directly from the machine, a considerable range 
of applied E. M. F. may be obtained by using a constant- 
potential transformer with its secondary coil split up into a 
number of sections. The lamps are each provided with a 
reactance coil, as before, but the use of the transformer 
admits of a considerable range in the number of lamps that 
may be operated on a circuit; that is, the combined voltage 
necessary for the lamps may be considerably different from 
that generated by the alternator. 


45 , Opemtion From Constant- Cur rent Transform- 
ers. — The method that has so far been most largely used 
for the operation of scries alternating-current lamps from 




Q'-a 




FIG. 21. 


constant-potential alternators is that in which a special trans- 
former is used to transform from constant potential to 
constant current. This means that the transformer ^ must 
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be so constructed that its secondary voltage will change 
automatically as the number of lamps is changed. Fig. 21 
illustrates the action of a transformer of this kind invented 
by Prof. Elihu Thomson and largely used in connection with 
series alternating-current lighting. 

46. A A is a laminated iron core built up in the same 
way as a core for an ordinary transformer. P 7^ is the pri- 
mary coil wound so as to be thin and flat and surrounding the 
central part of the core, as shown in the sectional view. 
This coil is fixed in position and is attached to the lines 
leading to the alternator that maintains a constant or nearly 
constant pressure across the terminals of the coil. .S' .S' is 
the secondary coil, which is also thin and flat. This coil is 
free to move up and down. It is suspended from quadrants 
on the end of a lever and its weight is partially counter- 
balanced by weights hung on the other end. The terminals 
of the secondary are connected to the arc line by means ot 
flexible cables that will not interfere with the free move- 
ment of the coil. 

47. The action of the transformer is as follows: When 
the arc circuit is open and the primary is connected to the 
alternator, the secondary occupies the dotted position .S" .S'" 
resting on the primary. The apparatus will then act like 
an ordinary transformer; an alternating magnetic flux will 
be set up through the core, as indicated by the curved 
dotted lines, and a high E. M. F. will be generated in S" 5", 
although no current can flow in it because the secondary 
circuit is open. Let us now take the other extreme case, 
where the secondary is short-circuited by closing the single- 
pole switch connected across the arc line. As soon as 
the switch is closed, a heavy current will flow in the 
secondary coil and this current will be in the opposite 
direction to that flowing in the primary. It is a well-known 
fact that parallel wires carrying currents in opposite direc- 
tions repel each other, and the result in this case is that the 
coil is repelled so that it moves up to the other extreme 
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position 5 5, shown by the full lines. When half the lamps 
are burning, the repulsion is sufficient to keep it in the 
mid-position S' S'. 

As the secondary is repelled upwards, the E. M. F. gen- 
erated in it decreases, because the current in the secondary 
tends to set up magnetism around the core in a direction 
opposite to that indicated by the dotted curved lines. The 
result is that lines of force pass across between the coils, as 
indicated by the full curved lines, and a large number of 
lines that thread through the primary coil do not pass 
through the secondary at all. Moreover, the farther the 
coils are separated, the greater does this leakage become. 
The result is that when the secondary reaches the top posi- 
tion S 5, very little flux passes through it, and hence its 
E. M. F. becomes very small. By properly adjusting the 
counterbalancing of the coils, a transformer of this kind 
can be made to hold the current in the secondary constant 
within remarkably close limits through a wide range of load. 

48. Fig. 22 shows one of the larger sizes of these trans- 
formers with the case removed. Here there are two fixed 
primary coils PP and P' and two movable secondaries 
S S and 5 ' The two secondaries are counterbalanced 
against each other by means of the levers, sectors, and 
chains shown in the figure, so that when the load is light 
both coils occupy a position near the center, and when it is 
heavy they both move towards the end coils. The weight w 
required to counterbalance the repulsion effect is carried by 
a small auxiliary lever I that projects through the top 
of the case. The two secondary coils may be connected 
in series to feed a single circuit, or they may be connected 
to two circuits, as in the multicircuit Brush dynamo. The 
whole transformer is placed in a corrugated cast-iron case 
filled with oil. This secures good insulation and makes the 
movements of the coils smooth, because the whole moving 
system acts like a dashpot. 

49. Constant-current transformers may be placed either 
in the station or in a substation at a convenient point near 
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where the lamps are to be supplied. In some instances 
they have been placed in substations and equipped with 
automatic time switches that cut them out in the morning” 
as soon as the lights are no longer needed. At light loads, 
a system of this kind has a poor power factor; but if 



worked at nearly full load, the power factor is about .8, or 
about as good as the power factor of a load of induction 
motors. The low power factor has been urged as an objec- 
tion against systems of this kind, and while it undoubtedly 
is an objection, it must not be forgotten that the doing 
away with arc-light dynamos and running all the lights, 
,/. ///... 53 
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both arc and incandescent, from the same kind of alterna- 
tor is an advantage that goes far to outweigh the disadvan- 
tages of a low power factor. 

50 . Regulation by Means of Variable Reactance. — 
Fig. 23 shows another style of regulator for the operation 
of series alternating-current arc lamps from constant- 
potential circuits. It consists of a coil C mounted on the 
end of a lever and counterbalanced by the weight W. 
The laminated core D is lj shaped and the coil slides over the 
center tongue. When all the lamps are in operation, the 



Fig. 23. 


coil is balanced so that it is near the top of the core. 
If lights are cut out, the current tends to increase and the 
coil is pulled down. This increases the reactance of the 
coil, and the increased counter E. M. F. generated in it 
keeps the current down to its proper value. The regulator 
is connected directly in series with the arc circuit, as indi- 
cated in Fig. 24. At A the regulator is shown at the 
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station, the terminals of the arc circuit in this case being 
brought to the plant. At B the regulator is shown located 
at a convenient point out on the line. The terminals of the 



circuit are not carried back to the station. By adopting 
this latter arrangement, a saving in copper can sometimes 
be effected. 

51 . From what has been said with regard to lamps, 
dynamos, and the various systems of operation, it will be 
seen that there is a wide range of (dioice in the selection of 
apparatus. The examples that have been selected have 
been taken because they are the ones tliat have, on the 
whole, been most widely used and serve to bring out 
the main points connected with the principal systems of 
operation. 

The introduction of the enclosed-arc lamp has changed 
the methods of arc lighting considerably within recent 
years and has been responsible for the steadily increasing 
use of alternating current for this purpose. The alter- 
nating-current open-arc lamp stood practically no chance 
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against its rival, the direct-current open arc, but the case 
is different with the enclosed-arc lamp. It is pretty gen- 
erally admitted, however, that the alternating-current arc 
does not give quite as satisfactory all-around service as 
the direct-current arc; but the difference, at least so far as 
street lighting is concerned, i^ not great enough to prevent 
the introduction of the alternating-current arc for this pur- 
pose. In many cases, their use results in a much simpler 
and cheaper station equipment, which goes a long way to 
compensate for slight inferiorities in the light-giving qual- 
ities of the lamps. 


ARC-LIGHT SWITCHBOARDS. 


GENERATE OONSIDERATTONS. 

52. Arc-light switchboards bear little resemblance to 
those used for constant-potential incandescent lighting. In 
most stations of any size, there are several arc machines and 
several circuits, and it is desirable to have the switchboard 
arranged so that any machine may be connected to any cir- 
cuit. It is also necessary to arrange things so that a circuit 
may be transferred from one machine to another while in 
operation, or, if necessary, so that machines or circuits may 
be operated in series. An arrangement of switches to 
accomplish this would be exceedingly complicated, and arc- 
light boards are, therefore, of the plug variety. The vari- 
ous connections are made by inserting plugs into receptacles, 
the circuit being completed in some cases by flexible cables 
and in others by the plug itself. 

53. Operatin#? Circuits la Series. — Quite frequently, 
when the number of lamps in one circuit is insufficient to load 
up a dynamo, two or more circuits are connected m series, at 
the switchboard, with a single machine. The terminals of 
the circuits should be marked -f and — on the switchboard, 
the -f- side being that at which the current leaves the 
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station and the — side that at which it returns. In con- 
necting circuits in series, the — end of one circuit should be 
connected to the end of the other, as indicated in Fig. 25. 
If two — ends are connected, the current will flow through 
the second circuit in the wrong direction and the lamps will 
burn ^‘upside down.” 

The switchboard is usually equipped with an ammeter 
that will indicate when the current is flowing in the proper 



direction. Some of these ammeters, for example, the Wes- 
ton, will not give a deflection over the scale unless the cur- 
rent flows in at the -f terminal. Others have an indica- 
ting attachment that shows whether the current is flowing 
the wrong way or not. It goes almost without saying that 
series arc circuits are never connected in parallel. If this 
were done, the current would split between the circuits and 
the lamps would not operate properly. If the circuits are 
supplied with alternating current, they may be connected 
in series regardless of their polarity, as both carbons burn 
nearly alike in airernating-current lamps. 
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CONSTRUCTION AND OPERATION OF ARC SWrfCHBOARDS. 

54. Simple Board With Cables. — Fig. 26 illustrates 
about the simplest possible type of board equipped with an 
ammeter and terminals for two machines and four circuits. 
These terminals take the form of sockets or spring jacks 
mounted on the board, and connections are made between 
the various receptacles by means of heavily insulated, flex- 
ible cables provided with plugs at each end. Each terminal 
is double, and those for the dynamos are arranged in the 
lower row and marked +^1, —^1, each dynamo 



being distinguished by its letter A or B. The terminals 
of the four line circuits are arranged in two rows in the 
upper part of the board and are marked —1^ -\-2^ —2^ 
—-i) each circuit being distinguished by its 
number 1, 2^ 3^ or A The ammeter A M is mounted in 
the center of the board and is provided with terminals 
A~ and — . The board itself is usually made of a good 
quality of marble. Slate is not a good material for arc 
boards, as it is liable to contain metallic veins. It must be 
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remembered that the ])ressure between the terminals of an 
arc machine at full load is very high, hence the switchboard 
terminals must be well insulated. On most of the best 
boards the terminals are not even allowed to come into 
contact with the marble, but are insulated from it by means 
of hard-rubber bushings, the marble being used merely as a 
support and not depended on for insulation. 

55, The operation of plugging in circuits or dynamos is 
a thing that always ‘appears confusing to the student when 
an attempt is made to explain the method on paper. It is, 
however, comparatively easy to follow out on the board 
itself, where one can handle the cables and plugs and make 
the required connections for himself. A little practice 
during the daytime, when the circuits arc not in use, will 
soon enable one to become so familiar with the method of 
operation that all necessary changes can be made quickly 
and with certainty. 

In making changes on an arc board, it must be distinctly 
borne in mind that a (urcuit carrying current should never 
be broken in order to cut in or out line (‘ircuits containing 
lamps. If the circuit is opened, the effect is to suddenly 
increase the resistance of the circuit by a large amount, and 
the voltage will rise greatly. Besides causing a long, vicious 
arc at the switchboard and perhaps injuring the attendant, it 
is very hard on the insulation of the dynamo and may be 
the means of puncturing the insulation on an armature or 
field coil. If a dynamo or circuit is to be cut out, it should 
first be short-circuited. Arc machines are not injured by 
short-circuiting as constant-potential machines would be, 
because as soon as they are short-circuited the voltage 
generated drops to a very small amount. In Fig. 20, each 
terminal is made double, so that transfers may be made 
without opening the circuit. 

In Fig. 2G, circuit 1 is "‘dead,*’ because its terminals are 
not connected to anything. Circuit 2 is on dynamo the 

path of the current being -\-A-+2 2 A. Circuits S 

and Jt are in series with each other on dynamo B, and the 
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ammeter is also in series in this circuit. The path of the 
current is through the ammeter to -f-’^ 

56 . Suppose that it is desired to connect the ammeter 

in circuit 2, To disconnect it from circuits 2 and it is 
first short-circuited by plugging in a cable across the termi- 
nals and -\-S. The two plugs on the cables leading to 
the ammeter may then be withdrawn from -\-3 and -f 7/, 
and the circuit will not be opened. The plugs removed 
from -\-B and -{-S may then be inserted at -\-A and 
respectively, thus shunting the ammeter across the cable 
-{-A The cable -|-y^ -f-i? is then removed and the cur- 

rent supplied to circuit 2 passes through the ammeter 

57 . Again, with the connections as shown in Fig. 2G, 

suppose that it is desired to connect circuit 1 in series with 
circuit 2 without shutting down either the dynamo or cir- 
cuit 2. The first step will be to connect terminal -—7 with 
terminal -\-2, then terminal with terminal -f /. The 

cable directly connecting terminal and -f may now be 
removed without opening the circuit at any point and at the 
same time throwing the two circuits 1 and 2 in series. 

58 . Board Without Cables. — Where a large number 
of machines and circuits are operated, the number of cables 
hanging around the front of the board becomes so great that 
they are in the way when transfers are being made. In 
order to overcome this objection, boards have been devised 
that do away with cables almost entirely. Some very large 
boards have been made on this plan. At present, the use of 
large multicircuit machines has resulted in a reduction of 
the number of dynamos needed for any one station, and there 
seems to be a tendency to go back to the style of board 
using cables. The simple cable board is no doubt cheaper 
than the other type and if properly built will give excellent 
service. Moreover, with the cable type of board the attend- 
ant can see at a glance just what connections he has made. 
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t59. Fig. 27 illustrates the principle of one type of board 
made by the General Electric Company, in which cables are 
almost wholly dispensed with. This is accomplished by 
means of two groups of contacts arranged in two parallel 
planes a little distance apart. The contacts in the front 
group are divided into pairs of horizontal rows, each pair 
being connected to the terminals of one of the dynamos. 
The contacts on the back group are divided into pairs of 



vertical rows, each pair being connected to one of the cir^ 
cuits. The contacts, which are in the form of split bush- 
ings, are directly opposite each other and tlie connection 
between any dynamo and any circuit is made by a long 
brass plug that is pushed through the outside contact 
to the inside. The arrangement will be clear by referring 
to Fig. 27. The dynamo terminals are lettered A-\-, /f — , 
etc. and the circuit terminals i-f , i— , as in the preceding 
case. The back or circuit board is provided with an extra 
row of contacts at the bottom, by means of which circuits 
may be connected in series, using for the purpose cables hav- 
ing suitable terminals, similar to those used for connections 
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in the form of board first described. In Fig. 27, the path 

of the current is as follows: A~l — 3-\ — 2 J-S-] — 3 -A — . 

Circuits 2 and 3 are in .series on dynamo A, Also, we have 
circuit Jf on B because and A— are plugged through to 
Jf-\- and Jf — . Circuit 1 is dead. By using a cable with 
short plugs that only reach through the front bushings, 
dynamos may be connected in series, if necessary. 

60 . In Fig. 27 the sets of bushings are shown separated 
much farther than they are on the actual board, in order to 
make the figure clear. On the actual board the back con- 
tacts are carried on vertical copper straps that are attached 
to the front board. Fig. 28 shows the general appearance 



of one of these boards and indicates the location of the posi- 
tive and negative terminals of the dynamos and circuits. 
Fig. 29 gives an idea as to the method of mounting the 
bushings and is self-explanatory. Bushings b are the ones 
used for connecting circuits in series. The board shown 
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in Fig. 28 has no ammeter; on some of the larger boards 
it is customary to connect an ammeter permanently in each 
circuit. In such cases they are usually mounted on a sep- 
arate marble slab placed above the one carrying the con- 
tacts. The board shown in Fig. 28 
is designed for six dynamos and six 
circuits. 


61 . Panel Type Poard. — 'Phis 
board is somewhat similar to the one 
last described. It is, however, de- 
signed so that it may be built up in 
panels in a manner similar to that 
described for incandescent-lighting 
boards, so that as more dynamos and 
circuits are needed the board may 
be extended by adding more ])ancls. 

The general arrangement of the 
board will be understood by refer- 
ring to Fig. 30 {a), (/?), and (c). 

Referring to Fig. 30 (c), the lower 
terminals /?, c, /, ^ are con- 

nected to the machines /I, />, and C. 

The terminals at the top connect to the circuits and .r. 

The crosspieces . 1 ?, 7, <S\ and 0 run across the back of 

the board and may be connected to similar crosspieces on 
the next panel by means of the connectir)n strips r/\ 

etc. and plugs inserted in the side sockets ?//, in. An 
ammeter jack is connected in one side of each of the 
machines at the points d., and /, big. 30 (a). An 
ammeter cable that consists of two wires connected to a 
double contact plug on each end is provided. One plug is 
inserted into the ammeter jack at d^ or y" and the other 
end into jack /b, thus connecting the ammeter in series 
with any one of the three dynamos. 

Inserting the ammeter plug in the jack at for example, 
simply cuts the ammeter into circuit. When the plug is 
withdrawn, the jack closes the circuit before the plug is 
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fully drawn out, so that the circuit is not interrupted. The 
tubular supports shown in Fig. 30 (c), are of insulating 
material, and the plugs pass through them to make contact 
with the vertical strips. It will be noticed that there are 
three breaks in each vertical strip between a dynamo termi- 
nal and a corresponding circuit terminal. These breaks are 
at /, l\ r . When, therefore, these breaks are plugged across, 
as indicated by the three rows of plugs in Fig. 30 



Fig. 30. 


dynamo A is operating circuit i'; dynamo circuit 
dynamo C, circuit S' , This will be apparent by referring to 
Fig. 31. The vertical lines here represent the vertical bars, 
in which the breaks are indicated by open spaces. The 
black circles represent the plugs, and are supposed to con- 
nect the two terminals between which they are inserted. 
Fig. 30 represents the ordinary condition of running, and 
it will be noticed that the cross-bars are not in use. 


63, Suppose that it is desired to shut down machine B 
and run circuits 1' and 2' in series on machine A. Insert 
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plugs at and and remove plugs and d^. This 

leaves two circuits and two machines in series. Short- 
circuit machine 2 by inserting a plug at i\. Then cut out 
machine 2 by removing plugs d^^ and Then take out 
plug and the board will be as indicated in Fig. Jhh The 
path of the current will now be A-\- through 

circuit I'-V c -c ~d -d -2' through cinmit 2'-2' c-c~ 

and circuits 1' and 2' are in series on dynamo A, 
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Although the combinations on these boards are not so easy 
to follow out from a diagram, the manipulation of even a 
large board is something that is soon learned when one has 
the board actually before him. The two things that are 
most important to bear in mind are always short-circuit a 
dynamo or circuit before cutting it out, and never open a 
circuit when the current is on. 

63. Briisli Pluf^ and Hprln^^ Jack. — As stated above, 
in some of the boards used with large multicircuit machines, 
the ordinary cable method of connection is used. Another 
feature of modern arc boards is that no live metal parts are 
allowed on the surface where they might happen to be 
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touched by the attendant. These precautions are espe- 
cially necessary for boards that are used with large arc 
machines, some of which generate 10,000 or 11,000 volts. 

Fig. 33 illustrates the style of plug used on Brush arc 
boards. It will be noticed that pains are taken to secure 
high insulation. /I is the marble panel and b the metal 
plug, or contact, attached to the cable as shown. C is a 
cup-shaped casting to which the line is connected and into 
which b slides and is held, so as to make a good contact by 
the spring clip s, C screws on to the end of the hard-rubber 
bushing D and is separated from the marble by the insula- 
ting washer E. F is a hard-rubber sleeve, or tube, and G 



Fig. as. 


a maple handle; Jl is a spiral spring that causes the sleeve E 
to slide over the contact piece b when the plug is pulled 
out, so that by the time the plug is pulled entirely out of 
the board, the contact b is completely covered and there is 
no danger of the attendant coming into contact with it. 
When a plug is inserted, the nose of the sleeve E comes 
against casting C, and as the plug is pushed on in, contact b 
passes through the hole in C and is held by the spring .s'. 
These jacks are usually mounted in pairs connected together, 
so that transfers may be made without opening the circuit. 

64. Western Electric Plug and Jack. — Fig. 34 shows 
an improved form of jack and plug that is used by the 
Western Electric Company. It consists of a main jack A 
and two smaller jacks />, which are used in making trans- 
fers. The springs b, b hold the plugs in place by engaging 
the groove on the end of the plug. This plug also has a 
hard-rubber sleeve c that slides over the metallic terminal d 
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as soon as the plug is pulled out. The general arrangement 
of the plug and jack will be apparent without further 
explanation. 



65 . Ammeters. — An arc board requires comparatively 
little auxiliary apparatus. A sinf^le ammeter is about all that 
some boards are provided with, but others, e(pii})ped on a 
more elaborate scale, are provided with an ammeter for each 
machine. This ammeter is in general the same as those 
used for ordinary work except that its scale rearls only to 10 
or 15 amperes, the current for series lamps usually bein^ 
from G to 10 amperes. The ammeter is cdways connectial 
in circuit in the same manner as an arc lamp. Sometimes 
it is left in circuit all the time, but more often it is only cut 
in occasionally to find out if the current is right. 

66. Voltmeter. — It is now common practice to equip arc 
boards with a high-reading voltmeter. This may be mounted 
in any convenient position and should be jirovided with 
flexible cables having well insulated terminals, so that the 
voltmeter may be connected across any circuit or dynamo. 
The voltmeter should have a range at least as high as the 
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highest pressure ever applied to any one circuit. The volt- 
meter enables the switchboard attendant to find out easily 
the number of lights in operation on any circuit, because he 
knows about the average number of volts required per lamp, 
and if the voltmeter is connected across the circuit, the 
reading obtained divided by the number of volts per lamp 
will show the number of lights in operation. A. voltmeter 
to read as high as required for this work must have a very 
large resistance in series with it, and this makes the instru- 
ment rather ex])ensive, but the expense is usually compen- 
sated for by the advantages gained by using the instrument. 
The voltmeter is also useful in detecting grounds on the line. 

07. ^Vattrn enters. — In the best stations it is customary 
to measure the electri('al output of each machine so that the 
total electrical output of the plant may be determined and 
the cost of production per kilowatt-hour estimated. Some- 
times the wattmeters are mounted by themselves near the 
machine; in other cases they are mounted on the switch- 
board. Any good type of rec'ording instrument may be 
used, but the one that has found widest a])plication in this 
direction is the Thomson recording wattmeter. The resist- 
ance in series with the armature of the meter must be very 
high, because the voltage of the machine is high at full load. 
For this reason, it is usually mounted in a box separate from 
the wattmeter, instead of being mounted in the wattmeter 
itself, as is done with those instruments intended for use on 
low-potential circuits only. 

08. Arrestors. — These should always be 
placed on arc circuits, as already described. Sometimes they 
are arranged on the switchboard or at the back of it, but 
more frequently they are set up at some convenient point 
near where the wires enter the station. No fuses or circuit- 
breakers arc necessary on arc boards because the current is 
constant even if the lines or dynamos are short-circuited. 

09. Tmnsfer Boards. — It is highly important that all 
arc line wires brought into the station should be run as 



§19 


ELECTRIC LICIITINC. 


67 


Straight and free from crossings as possil)le. A number of 
fires have resulted from tlie numerous crossings and the 
general maze of wires to be found in some of the older 
stations, especially at the [)oint or in the tower where the 
wires enter the building. These crossings wt^re g'cnerally 
made in order to bring the wires to the switchboard in tlie 
correct order for connecting up. In the best stations, it is 



Fig li) 


now usual to have, in addition to the switch])oard, a trans- 
fer board, the object of which is to cnabl(‘ the lines run- 
ning to the switchboard to i)e connected to any of the lines 
running out of the station, lly using a transfer board, the 
wires coming into the station may be brought in in any 
order that may be most convenient, and they may be run 
straight to the board without crossings. They may then be 
sorted out and connected to any desired circuit terminals on 
the switchboard by using the transfer board. The transfer 
board is also very useful for changing the terminals of a 
circuit from one part of the board to another, as it enables 
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it to be done without disturbing the connections at the 
switchboard terminals themselves. 

The general arrangement of the transfer board will be 
understood by referring to Fig. 35. A number of vertical 
wires a and b are stretched on a substantial framework. 
These wires are usually about No. 4 or (> B. S. and are 
bare. They are separated from 5 to G inches and are 
directly opposite one another, although in Fig. 35 [ix) they 
have been shown a little to one side of each other in order 
not to confuse the connexions. Between these vertical 
wires a corresponding number df horizontal wires c are 
also stretched. One set of vertu'al wires a runs directly to 
the circuit terminals on the switchboard and the other set b 
connects to the line wirc-s. 


The horizontal wires are us^ 
any line to any switchboard 



^h) 00^/0 i/vtrs. 

Fig. 36. 


L‘d for connecting across from 
lead. For example, suppose 
1 and r are the terminals of 
a circuit and that we wish 
to connect them to switch- 
board leads c, /. By con- 
necting to the cross-wire, 
as shown at /, line / is 
connected to c, and by con- 
nec'ting as shown at w, Ji 
line V is connected to p. 
By this arrangement, there- 
fore, the line and switch- 
board connections may be 
transferred in any way de- 
sired. The actual num- 
ber of wires used in any 
case will, of course, cor- 
respond to the number 
of circuits to be accom- 
modated. The connections 
between vertical and hori- 
zontal wires are usually 
made by means of a clamp 




§19 


ELECTRIC' LUilITlNC. 


50 


connector, somewhat similar to that shown in Fij^. 3(1 (a). 
DiflFerent methods are used for stretchinj); the wires on the 
frame, but they should always be mountt'd so that they 
will be thoroughly insulated On this account the ^\ire 
should be passed through porcelain or jj^lass insulators 
at each end, as indicated in Fij;. 3(i {/>), The wires are 
stretched tightly by screwing up on the nut n and the line 
wire attaches to terminal /, 




INTERIOR WIRING. 

(PART 1.) 


PRELIMmARY CONSIDEEATIOI^S. 

1 . In the work of every artisan there are certain factors 
that must never be overlooked and certain conditions that 
must always be fulfilled before the final object of the work 
can be reached or even approached. 

In electric wiring, the ultimate object is the conveying 
of the electricity to the lamp, bell, motor, or other device 
that is to be operated. But this must be done in a profier 
manner; otherwise danger, unsatisfactory operation, and 
waste are sure to result. 

2 » There are bnir things that should be considered in 
every electric installation. They are (^r) safety, (^) satis- 
factory operation, (r) convenience and neatness, and (<'/) econ- 
omy. The first of these considerations is by far the most 
important in all ordinary wiring. Therefore, the electrical 
artisan should understand, first of all, what are the sources 
of danger in the use of electric currents and then what 
precautions are necessary and what conditions must be 
complied with to avoid these dangers. When he thor- 
oughly understands these things, he should learn how to 
make his work satisfactory in other respects and profitable 
to himself. 

The same causes that, under certain conditions, make 
electricity dangerous to life also make it a source of fire 
hazard. There are also conditions under which an electric 
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current may cause fire, although it may not be directly 
dangerous to life. In discussing the precautions necessary 
to avoid any chance of fire from an electrical cause, the 
student will learn how to avoid danger to life as well, so 
that it is unnecessary to discuss that subject by itself. 


FIUES CAUSKJ> HY ELECTUIC WIRING. 

3. The so-called “electrical fires” or fires that are 
caused by the presence ef electric wires or apparatus within 
a building can be divided into three classes, as follows: 

{ft) r^ires caused by poor work or improper materials. 

(/>) Fires caused by overloading the apparatus or wire 
with a higher voltage or with more current than it was 
designed to carry. 

(r) Fires caused by lightning striking the outside lines 
or by the crossing of circuits that should never come into 
contact with one another. 

A good job of interior wiring overcomes all danger due 
to the first two of these sources of hazard and most of the 
danger due to the third, but not all, for accidents some- 
times occur outside of the buildings, against the results of 
which the present accepted devices for the protection of 
inside circuits are not sufficient. The failure of a lighting 
company to use proper lightning arresters and transformers 
or to properly insulate the outside wires may cause trouble 
within a building where the wiring is properly done. 


THE NATIONAL ELECTRICAL. CODE. 

4. When electric lights first came into general use, the 
insurance companies discovered that there were many fires 
of electrical origin, the wiring done on the first installations 
being of very inferior workmanship. The various associa- 
tions of underwriters, therefore, formulated rules in accord- 
ance with which they required that all wiring be done or 
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they would not insure buildings containing it. In the 
course of time, these various rules of local associations 
were reduced to a uniform code, and finally, in 1898, they 
became known as the Katloiial Kleetrical Voile and 
received the endorsement of practically all the ins])ection 
bureaus throughout the United States, besides that of the 
following organizations: the American Institute of Archi- 
tects, the American Institute of Electrical Engineers, the 
American Society of Mechanical Engineers, the American 
Street Railway Association, the Factory Mutual Fire Insur- 
ance Companies, the National x^ssoeiation of Fire Engineers, 
the National Board of Fire Underwriters, the National Elec- 
tric Light Association, the Underwriters’ National Electric 
Associatiem. 

A few cities have rules of their own that differ slightly 
from this code, but the differences are not vital. Any jier- 
son doing work in any city where there is municipal legis- 
lation governing his work should investigate the laws of that 
particular place before undertaking to lay out work for 
himself. Every wireman should be supplied with a copy of 
the latest edition of the National Electrical Code and do work 
in compliance with those rules, whether additional laws exist 
or not. Co[)ies of the code and of all other information 
published by the Underwriters Association for the sake of 
reducing the fire hazard can be obtained by writing to the 
laboratories of the National Board of Fire Underwriters at 
Chicago or by applying at the nearest Underwriters’ Inspec- 
tion Bureau. The rules are revised by ('onventions as often 
as changes in the electrical art make such revision neces- 
sary. 

5. In addition to this code of rules, the National Board 
of Underwriters publishes each year a List of Approved 
Flttlngps for use in connection with the code. This list 
contains the names of articles that have been found entirely 
satisfactory, together with the names of the manufacturers 
It does not contain a list of all fittings that will pass inspec 
tion, and many good articles are not listed in its pages. 
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EXAMPI^ES OF EEEC;TIUC^AL. FIRES. 

6 . That the student may properly understand the nature 
of the fire hazard due to the presence of electric circuits, 
before studying the various preventives, the following typi- 
cal examples of electrical fires are briefly described. These 
are reports of actual fires and burn-outs taken from the 
Quarterly Fire Reports of the National Board of Fire 
Underwriters. 

1. Loose connection on series-incandescent circuit in 
show window. Arc ignited insulating covering of wire and 
fire spread to surrounding inflammable material. Four 
sprinkler heads opened and extinguished the fire. Contents 
of window destroyed. 

2. Socket-shell burn-out in show window of millinery 
store. Short circuit caused by metallic shell of socket on 
window fixture establishing connection between projecting 
strands of flexible fixture wire. 

3. Paraffin-covered wire used for pendants for drop 
lights. Wiring installed on a motor circuit, after inspec- 
tion, by occupant of building who wished to secure light. 
Short circuit ignited paraffin covering and whole place 
burned up. 

4. Short circuit or ground on constant-potential lighting 
circuit, where mains ran unprotected through damp wood- 
work in a brewery. The arc formed ignited insulating eov- 
ering of the wire and fire communicated to woodwork of 
frame building. 

5. Short circuit in flexible cord in show window burned 
out the window. 

(). Heating effect of incandescent lamp. A IG-candle- 
power incandescent lamp on a 52-volt circuit was left lying 
on an office coat in a newspaper office. About 4 hours after 
the lights were turned on the coat was discovered smoulder- 
ing, and on being moved burst into flame. 

7. Revolving wheel of incandescent lamps in show win- 
dow covered with handkerchiefs burned out the window 
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either by sparking at the commutator or from heating 
effect of the lamps. 

8. Sparks from an arc lamp dropped on a table under- 
neath that was covered with open boxes of shirt waists. 
The table and contents destroyed, otherwise no considerable 
damage. 

9. Flexible lamp cord wound around a gas fixture having 
a soft rubber insulating joint. The current grounded 
through the joint and the arc ignited the escaping gas. 

10. Overheating of No. 14 B. & S. wires due to partial 
short circuit, caused by moisture, tli rough porous crockery 
knobs on which wires were mounted. The fuses, which 
were too large, did not melt for some time and the burning 
insulation of the wires set fire to combustible material near, 
causing a loss of $Lj,0()0. 

11. A fuse block, improjicrly constructed and placed in 
close proximity to woodwork, held an arc after a short cir- 
cuit long enough to set fire to the woodwork. 

Vi, Main feed-wires placed in an elevator shaft were 
short-circuited by a breakdown of their insulation. A heavy 
arc was established that set fire to building. 

13. Overheating of resistance coil of arc lamp that was 
im])roperly insulated and too near adjaf'ent woodwork .set 
fire to building. 

14. Short circuit of No. 11 wires installed, contrary to 
rules, in molding in a place exposed to moisture. The fire 
was stubborn and burned fitfully between fliK^rs and was 
not extinguished before a loss of |"^,00() had been sustained. 

15. Fire in public institution. Building wired through- 
out with weather-proof wire run through joists without 
bushings, both wires of the circuit being brought through 
one hole at lamp outlet without separation. Short circuit 
occurred in attic that quickly set fire to dry timbers. 

IG. An Edison plug cut-out was improperly used to pro- 
tect a 5-horsepower motor operating at a difference of 
potential of 220 volts. Fuse in blowing failed to open cir- 
cuit, thus maintaining an arc that set fire to building. 
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17. Circuit controlling an electric flat iron was left turned 
on, becoming overheated and setting fire to the table. Cir- 
cuit had no signal lamp or other indicating device recom- 
mended for such equipment. 

18. Overheating of mechanism in a 2,000-candlepower 
series-arc lamp, the metal casing of which did not fit, set 
fire to the ceiling. The store was closed, but the lamp had 
been left burning until the circuit was shut off. This fire 
illustrates the advisability of cutting all current out of 
buildings when the same are unoccupied. 

19. A fire occurred in show window, caused by a bath 
towel falling from support on to a lighted incandescent 
lamp in bottom of window; the towel becoming ignited set 
fire to the contents of window and damaged some of the 
stock in store. 

20. Lightning entered building over badly installed 
watchman circuit. No protective devices at entrance to 
building. Wires badly insulated, fastened by staples. 
Heat of wires set fire to joists of building. 

21. Ground of 110-volt circuit on gas pipe in attic. Arc 
burned :|^-inch hole in pipe and set fire to escaping gas. 

22. Fire in basement of building caused by accumulation 
of sodium salt on back of three-wire molding run on brick 
wall. Trouble occurred at a point where a nail had been 
driven through molding into wall. 

23. Short circuit in fixture canopy ignited ceiling above 
fixtuie. Fire also occurred at same moment in cabinet at 
center of distribution. It was found on inspection that the 
branch cut-out contained copper wire. 

24. An ignorant workman installed a lighting circuit in 
lead-covered cable, fastening same to iron ceiling with 
staples. Breakdown of insulation of cable set fire to ceiling, 
when it was found that no main switch had been installed 
and current could not, therefore, be cut off. 

25. Switch on electric-light circuit was mounted in dry- 
goods store at a point where draperies came in contact 



§26 


INTERIOR WIRING. 


7 


with it. Flash from same ignited draperies and fire spread 
rapidly to millinery and other inflammable material. 

26. Breakdown of insulation on wires of lighting circuit 
in a fine residence set fire to woodwork inside partitions. 
Fire occurred at night, and owing to delay in sending in 
alarm and the distance from fire-department headcpiartcrs, 
fire was not extinguished until a heavy loss had been sus- 
tained. 

27. Electric-light wdre sagged and made contact with 
telephone wire running to cable box. Box and cable con- 
nections completely destroyed. 

28. Burglar-alarm, electric-bell, and electric-light wires 
came together inside the partitions of a residence. The 
insulation on the wires was ignited and followed up the par- 
titions. Owing probably to lack of oxygen, fire did not 
break out of partitions, but spread so generally over the 
house inside that much damage had to be done before it 
could be extinguished. 

29. Circuits were run in circular loom tubing immediately 
over a steel ceiling. Where the tubing came through the 
ceiling for a loop, the sharp edges of the ceiling cut through 
the same, short-circuiting the wires. Arc ignited the insu- 
lation of the wires, fire following same up under the ceiling. 

30. Fire in livery stable due to blowing of fuse in 
uncovered cut-out into straw. Fire sjircad so rapidly that 
It was impossible for the department to control it. 

31. Fire in basement of hotel caused by water leaking 
and running down the blades of a switch on 5()0-volt (‘ircuit. 

32. Serious burn-out of fire-alarm system by cross on 
500-volt feed wires of an electric railroad. Nine fire-alarm 
boxes, a tapper, and an indicator were burned out, the 
repeater also being partially destroyed. Fire was also 
started in the residence of the chief of the fire department, 
but was promptly extinguished. It was found on inspection 
that the instruments were protected by fuses that were 
much too short. 
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7 . Figs. 1 to 0 illustrate some characteristic burn-outs; 
they have been drawn from photographs of burn-outs that 
have actually occurred. 



Fig. 1. 


Fig. 1 shows a gas pipe that was melted by an arc caused 
by a heavy current-carrying circuit crossing a signal cir- 
cuit that was connected to the pipe. The connection to the 
pipe was poor and unsoldered. 




Fig. 2. 

Fig. 2 shows joints made with No. 10 wire on a circuit 
designed to carry 200 amperes. The use of such a poor 

joint gave rise to heating that 
resulted in the burning out of the 
wire. 

Fig. 3 shows a fixture canopy 
wdth a hole melted through it, 
caused by a fixture cut-out in- 
side the canopy becoming short- 
circuited. 

Fig. 4 shows a burn-out caused 
by a short circuit between weather- 
proof wires used in molding. Wire 
with weather-proof insulation only 
should never be used in molding, 



Fig. 8. 
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and its use in molding is prohibited by the Underwriters. 
Figs. 3 and 4 are from photographs by Mr. Wm. T. Benallack. 



Fig. C. 

connection between the lines, thus resulting in a short 
circuit. 
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ELECTRIC LAMPS. 


INCANDESCENT LAMPS. 

8 . Before taking up the subject of wiring for electric 
lights, it will be well to look briefly at some of the charac- 
teristics of the lamps to which the wiring is to supply cur- 
rent, as the requirements of the lamps have a considerable 
influence on the character of the wiring. Incandescent 
lamps are the ones mostly used for interior illumination, so 
we will briefly consider a few of their characteristics. The 
selection of good lamps of proper voltage, candlepower, and 
efficiency to suit the work for which they are to be used is a 
matter of great importance. 

The light-giving part or fllamentof an incandescent lamp 
is of carbon, being generally made of carbonized cellulose 
thread. Its manufacture has been the subject of much 
research by the large manufacturing companies, which keep 
the details as secret as possible. A good lamp filament 
must be uniform in cross-section, density, and resistance 
per unit of length. It must also be manufactured with 
special reference to the voltage and current with which it is 
to be used. 

9 . The filament is mounted on the ends of leadlnjjr-iii 
wires of platinum, which pass through a glass neck or 
stopper. The outer ends of these platinum wires are sol- 
dered to copper wires that are connected to the proper parts 
of the lamp base when all the other work on the lamp is 
finished. The shell of the lamp base is filled with plaster of 
Paris, which holds the lamp firmly in place. 

10 , The connecting of the filament to the leading-in 
wires is usually done with a carbon paste and is an impor- 
tant operation, for the lamps and filaments frequently break 
at this point. 

11 , The lamp jflobe surrounds the filament and is air- 
tight. All the air within it is exhausted to a very high 
degree. The exhaustion is important in all lamps and 
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must be done with extra care for high-voltage lamps, or the 
current will “arc” across the ends of the leading-in wires 
and destroy the lamp. 

13 . Even the highest grades of incandescent lamps are 
not very long-lived. They may burn for years without hav- 
ing the filament break, but they will not burn at their proper 
efficiency or candlepower. The light is produced by the 
carbon being heated to a very high temperature. No known 
solid substance can be maintained at a tt‘mperature of very 
brilliant incandescence without undergoing a change in its 
physical properties. This is true of carbon, as of all other 
materials. The heat alters its density, resistanc'c, and other 
properties. The higher the temperature, the more rapid is 
the physical change. Some of the properties lost by heating 
to high temperatures are regained upon cooling, but others 
are not. Among the limitations to carbon incandescent- 
lamp filaments, those in regard to size are very im])ortant. 
Below a certain minimum diameter and above a certain 
maximum carbon fdaments are not practicable. 

13 . When an incandescent-lamp fdament is heated 
beyond a certain limit, it rapidly deteriorates, giving off 
gaseous particles that condense on the globe and blacken it. 
If the heating is very sudden, the filament explodes and 
may break the glass. 

Carbon being highly inflammable when very hot, the air 
must be exhausted from the lamps. But if only the oxygen 
were removed, the student may suggest, the lamps would 
burn satisfactorily. It is true that in that case the fila- 
ments would not burn, but the gas within the lamp wc)u]d 
become very hot and expand and burst the globe; or if the 
globe did not break, it would become as hot as the gas 
within it. Incandescent lamps with the air only partially 
exhausted are not practical devices, though many have tried 
to make such. 

14 . In incandescent-lamp practice, it has been found by 
experience that the best results are obtained when lamps are 
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burned at a certain temperature for about seven hundred 
hours. They may be burned at a lower temperature for a 
longer time, but give less light ; or at a higher temperature 
for a short time, giving more light. It is very poor economy 
to burn lamps after they have become dim, for they take 
about as much current as new lamps and give very little 
light in return. What is wanted is the most light for the 
least money, taking into account both the cost of current 
and the cost of renewing lamps. 

The effect on a lamp of altering the voltage only a slight 
amount is much greater than is commonly supposed. By a 
study of Table I, which is given by the General Electric 

TABJ^E 1. 


EFFECTS OF CHANCE IN VOL FACE IN 
STAN13A11I) 3.1-WATT LAM1». 


Voltage. 
Per Cent of 
Normal. 

Candlepower 
Per Cent 
of Normal. 

Watts Per 
Candlepower 

Life 1 

Per Cent 
of Normal 

Deterioration 
Per Cent 
of Normal 

90 

54 

4.03 

941 

11 

91 

5S 

4.41 

710 

14 

92 

02 

4.21 

555 

18 

93 

00 

1 4.04 

435 

23 

94 

70. f) 

3.89 

345 

29 

95 

75 

3.74 

275 

30 

90 

80 

3 59 

220 

45 

97 

85 

3.40 

179 

50 

98 

90 

3 33 

140 

09 

99 

95 

3.21 

121 

83 

100 - 

100 

3.10 

100 

100 

101 

100 

3.00 

82 

122 

102 ' 

112 

^ 2.91 

08 

147 

103 

118 

2.82 


179 
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Company, it will be seen that at the prices for which lamps 
sell (about 18 to 25 cents each for a 10-candlepower lamp) it 
is not economical to burn lamps more than their proper life, 
and it is of the utmost importance that the voltage be uni- 
form and correct. If the voltage be absolutely steady, 
lamps may advantageously be burned a volt above their 
marked voltage and used a correspondingly shorter time. 
But the advantage is doubtful unless the greatest care is 
exercised in renewing lamps The table shows that, for the 
lamps tested, an increase of 3 per cent, in voltage increases 
the light 18 per cent,, but increases the deterioration 
79 per cent. On the other hand, with a voltage 10 ])ercent. 
lower, the light is cut about in half, but the life is extended 
indefinitely. It is to the manufacturer’s interest to mark 
lamps at the most suitable voltage, but poor lamps are often 
improperly marked, causing a waste both of current and 
lamps when they are connected in the sockets. vSomc man- 
ufacturers do this false marking to dispose of lami)s of odd 
voltages for which they have no market. “Job lots” are 
apt to be of this kind, as are all lamps not marked with the 
manufacturer’s name, 

1 5, Incandescent lamps are made of different elficiencies. 
The most efficient ones should be used where ab'>()lutely 
constant potential is employed, the less efficient ones where 
the voltage is somewhat unsteady. Fifty- to 125-volt lamps 
are made to consume from 3. 1 to 5 watts |)er candlepower, 
according to the grade and the size of the lamp. Good 
200- to 250-volt lamps consume about 4 watts p(‘r candle- 
power. Up to the present time it has been found imprac- 
ticable to make high-voltage lamps more efficient, owing to 
the fineness and the length of the filament and other diffi- 
culties that rapidly increase when the voltage is increased. 
Generally speaking, the lower the voltage the easier is the 
manufacture of filaments. 

16 . Good lamps, when the glass is clean and when they 
are placed so that the light can freely leave them, do not 
get very warm; but if something be placed again.st the 
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globe so that the heat cannot get away, the lamp soon 
becomes very hot — hot enough to set fire to dry goods in 
show windows, for instance. Also, lamps get hot if they 
are dirty, or if they have not been properly exhausted. 

17. The most perfect exhaustion is essential in high- 
voltage lamps. A globe exhausted to a considerable degree, 
but not enough, will show a blue brush discharge between 
the terminals of the leading-in wires. While the insulating 
properties of air at atmospheric pressure or of a vacuum 
are very good, those of rarefied air are poor. In a 220-volt 
lamp not properly exhausted, the current will strike across 
the space between the leading-in wires, make a short cir- 
cuit, and cause the lamp to explode. If lamps get hot, 
they should first be wiped clean. If they still get hot, they 
should be removed and destroyed. 

18. h'rom the foregoing, then, it will be seen that it is 
very important to so plan all incandescent-lamp wiring 
that the lamjis will get the voltage for which they are 
designed. If the voltage is too high, the lamps will give a 
good light while they last but they will soon burn out. On 
the other hand, if the lines have such a resistance that it 
takes a considerable portion of the pressure supplied to 
force the current through them, the voltage at the lamps 
will be low and the light very poor and unsatisfactory. 

10. Operation of Incaiideseent L<ami>s. — Incandescent 
lamps are operated on constant-potential (pressure) systems. 
By this is meant that a constant electrical pressure or volt- 
age is maintained between the supply wires by the generator 
at the station. In practice, the value of the supply voltage 
may vary a little, but if the station is properly operated, it 
should remain practically the same no matter how many 
lamps are in use. The lamps have a high resistance (about 
220 ohms for an ordinary IG-candlepower 110-volt lamp 
when burning) and are connected directly across the lines. 
Incandescent lamps are, therefore, operated in parallel, 
as will be illustrated more fully later. Each lamp has a 
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fixed resistance, and as the voltage of the supply is fixed, it 
follows that each lamp will take a current dependent on its 
oWn resistance independently of the current taken by the 
other lamps. For example, a 110-volt Kbcancllepower lamp 
will take about I ampere of current, and each lamp turned on 
will require ^ ampere, so that as the number of lights in use 
is increased, the current in the main-sui)ply wires increases 
but the voltage remains practically unchanged. When 
lamps are operated in parallel, it is evident that any lamp 
may be turned on or of! without interfering with the current 
supplied to the other lamps. The voltage supplied to the 
lamps is usually between 100 and 115 volts, constituting 
what is called a low-potential system. In formtT years, 
a pressure of 52 volts was commonly used on alternating 
systems, while in recent work lamps for 220 volts are being 
used to some extent. A 16-candlepower lamp rectuires about 
55 'watts, and on a 110-volt circuit this means A ampere. 
For approximate wiring calculations the following values 
(Table II) of the current for different kinds of lami)s may 
be used. It must be remembered that these values are 
not rigidly fixed, because lamps are made for a number of 
different efficiencies and current consumption. 


TABJ^E II. 


POWER CX)N SUMPTION FOR INOANOESOENT I. AMPS. 


Candlepower. 

Voltage. 

Current. 

Amperes. 

Watts. 

8 

110 

.27 

30 

10 

110 

.32 

35 

16 

110 1 

.50 

55 

16 

52 

1.00 

52 

16 

220 i 

.30 

66 

32 

110 

1.00 

no 
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ARC XiAMPS. 

20# Arc lamps are now used much more extensively 
for interior illumination than they were a few years ago. 
This is due to improvements in the lamps that make them 
much better suited to this class of work. Arc lamps used 
on interior work are usually operated in multiple in the 
same way as incandescent lamps. For many years open-arc 
lamps (i. e., those with the arc exposed to the air) were 
operated on llO-volt circuits by operating two of them in 
series across the lines. A small amount of resistance was 
used in series with these lamps to improve the regulation 
and to take up the voltage over and above that required by 
the two arcs. Forty or 45 volts were consumed at the arcs 
and 20 to .'10 volts in the resistance, and the lamps usually 
required about 10 amperes. But sinc'e 1S95, enelosecl-arc 
lami>s have come into very extensive use, displacing the 
old, low-tension, open-arc lamps almost altogether and 
taking the place of clusters of incandescent lamps, and also, 
to a very great extent, of series-arc lamps used in interior 
lighting. 

It was found that by using purer carbons than had been 
the practice formerly and by enclosing the arc in a small 
globe, so that free air could not reach it to burn the carbons 
rapidly, as in the open arc, the voltage at the arc could 
be increased to 70, 80, or 90 volts and the current reduced to 
4 or 5 amperes. 

21 . In open arcs, the light is produced almost entirely 
on the positive, or upper, carbon surface, and the combustion 
of the carbon vapor produced at the arc is essential to the 
operation of the lamp. In enclosed arcs, a large amodnt of 
light is produced in the arc itself, which is from to f inch 
long. 

Not only is it possible to produce these long, high-voltage 
arcs, but it is necessary to have an arc of at least 70 volts, 
if it is well enclosed. Shorter enclosed arcs decompose the 
carbon of the positive pole and deposit it in the form of lamp- 
black on the negative one, thus obscuring the light altogether. 
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In an enclosed-arc lamp only the highest grades of carbons 
can be used. Cheap carbons cause flickerings and very 
rapidly discolor the glass enclosing globe, but the lamps burn 
from 100 to 150 hours (according to the current used, 
about 150 hours on 4 amperes), thus being more economical 
in the use of carbons than open arcs of the same watt capacity, 
which burn the same amount of carbon in 8 or 10 hours. 
The light from the enclosed arc is much softer and steadier 
than that from the old style open arc and has come to be 
generally considered the proper light for general interior 
lighting in large establishments and public buildings. 

2 *^* The long arc gives a large percentage of violet- 
colored rays that are not pleasing to the eye and which add 
very little to the illumination. The inner and outer globes 
of these lamps should have a slight “ alabaster ” ('oloring, 
which destroys the disagreeable rays. But it must be a very 
slight coloring, or it will absorb too much good light as well. 
Opalescent globes should not be used with arc lamps. They 
increase rather than diminish the objectionable qualities 
of the light and make th(‘ lamp appear to be burning more 
unsteadily than is actually the case. 

23. vSatisfactory enclosed-arc lamps are produced for 
alternating currents. The earlier alternating-current arc 
lamps were very objectionable on a(*count of the noise pro- 
duced — a continual, penetrating hum; but lamps of later 
patterns with long arcs and two enclosing globes are almost 
noiseless. 

24 . In wiring for low-potential arc lamps on continuous- 
current circuits, it should be remembered that these lamps 
require a resistance in series with the arc in order to regu- 
late properly. The drop through this resistance is about 
IK) volts out of 110. Usually it is adjustable and is placed 
within the structure of the lamp, so that the lamp can be 
made to burn well on any circuit of from 105 to 120 volts. 
Since some 130 volts must be lost in any event, there is no need 
of running large-size wires from the mains to the lamps to 
avoid the drop, as the resistance in these wires can be used 
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as a portion of the required resistance and the lamp adjusted 
accordingly. The drop must be in the individual lamp 
circuit, not in the mains, where it would have no regulating 
effect, but would be a disadvantage. 

Enclosed-arc lamps are made to burn either singly or two 
in series on 22()-volt circuits. Those designed to burn two 
in series must be procured in pairs adjusted to burn together, 
otherwise they work poorly, give uneven light, ‘‘seesaw,” 
one lamp taking most of the power for a while, and then the 
other, or refusing to work at all. 

When burned singly on 220 volts, the lamp works satis- 
factorily, but it is not as efficient as lamps of a lower volt- 
age. A 220- volt enclosed-arc lamp consumes about 130 volts 
at the arc and 90 in the resistance. It requires 2^ amperes, 
or more, and gives a little less light in proportion to the 
power it takes than is given by 1 lO-volt lamps. Single 
220- volt lamps are a convenience, however, in places where 
one lamp only is desired and other ('urrent cannot be 
secured. They are far more economical as light producers 
than 220-volt incandescent lamps. A 110- volt lamp usually 
takes from 3 to 0 amperes; 5 amperes is a fair average. 

35. Enclosed-arc lamps for alternating currents are quite 
simple to operate and are efficient. While the arc itself 
does not give as much light as an 80-volt continuous-current 
arc of the same watts input, there is not so much power 
lost in artificial resistance for regulating purposes. 


GEI^ERAL RULES. 

36. In wiring for electric lights and power, there are 
certain rules that apply equally to all systems and voltages. 
These rules will be our first study. In what follows, rules 
taken from the National Electrical Code are printed as 
below to distinguish them from the explanations and other 
matter. In most localities these rules have the force of 
laws. 
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GENERAL RULES— ALL SYSTEMS AND VOLTAGES. 

Copper for insulated conductors must never vary 
in diameter so as to be more than inch less than 
the specified size 

Wires and cables of all kinds designed to meet the 
following specifications must be plainly taggt‘(l or 
marked as follows: 

1. The maximum voltage at which the wire is 
designed to be used. 

2. The words “National Electrical Code Stand- 
ard.’* 

3. Name of the manufacturing company and, if 
desired, trade name of the wire. 

4. Month and year when manufactured. 


Wires — 

a. Must not be of smaller size than No. 14 
B. & S., except in fixtures and flexible cords. This 
is because wires of smaller size arc likely to break 
or become loose, so that the work does not remain 
mechanically secure, and because a small vvdre is 
much more likely to be overloaditd by connecting 
a few additional lamps to it than is ii larger wire. 

Tie-wires must have an insulation ecptal to 
that of the conductors they confine. 

c. Must be so spliced or joined as to be both 
mechanically and electri(‘ally s(‘<‘ure without solder; 
they must then be soldered to insure preserv’'ation, 
and the joint covered with an insulation ccpial to 
that on the conductors. 

Stranded wires must be soldered before being 
fastened under clamps or binding screws, and when 
they have a conductivity greater than No 10 B. & S. 
copper wire, they must be soldered into lugs. 


All joints must be soldered, even if made with some form 
of patent splicing device This ruling applies to joints and 
splices in all classes of wiring covered by these rules. 


2Tt. Whenever possible to avoid making joints, it is advi- 
sable to do so; but where joints arejiccessary, great care 
must be taken to do the soldering well, and to leave no 


J, 11.— IS 
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corrosive acid on the wire. There are several soldering 
compounds now on the market that will tin the wire well 
enough to make a good joint and yet leave no acid on it. 

Holdering: FI ii hi . — 

The following formula for soldering fluid is sug- 
gested : 


Saturated solution of zinc chloride 5 parts. 

Alcohol ' 4 parts. 

(ilycerine 1 part. 


28, Joints. — Figs. 7, 8, and 9 illustrate joints in com- 
mon use. In removing the insulation from the wires wdiere 



joints or connections 
are necessary, and in 
scraping the wire to 
clean it before making 


the joint, great care must be exercised not to cut into 


the wire and lessen its 


cross-section and, con- 
sequently, its carrying 
capacity. Especial care 
must be taken in hand- 



ling fixture wires, which are small and easily cut or broken. 
A comparatively small nick in a copper wire will make it 

liable to break easily. 

In recovering the 
wire wuth insulating 
tape, a s u f f i c i e n t 
amount of tape must 
be used to afford am- 




Fia. 9 . 


by a volatile oil, and the second of 
moisture-proof adhesive material. 


j)le protection. Where 
r u b b e r - c o ere d w ires 
are spliced or joined, 
two kinds of tape must 
be used, the first of 
pure rubber softened 
cloth saturated with a 
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29. Rules Relating to Wiii^ (Contliuied). — 

Wires — 

d. Must be separated from ('ontact with walls, 
floors, timbers, or partitions throujj^h which they 
may pass by non-combustible, non-al)sorptivc insu- 
lating tubes, such as glass or porcelain. 

Bushings must be long enough to bush the entire* length 
of the hole in one continuous piece, or else the hole must lirst 
be bushed by a continuous waterproof lube, whuh nia> be a 
conductor, such as iron pipe, the tube is tlu'ii to ha\c a non- 
conducting bushing pushed in at each end so as to ki*ep the 
wire absolutely out of contact with the conducting pipe. 

c. Must be kept free from contact with gas, 
water, or other metallic piping, or any other con- 
ductors or condiu'ting material that they may cross, 
by some continuous and lirmly fixed non-conductor, 
creating a separation of at least 1 inch. Deviations 
from this rule may s()melim(‘s be allowed by special 
permission. 

y. Must be so placed in wet places that an air 
space will be left between ('ondiidors and ]>ipes in 
crossing, and the former must lie run in su(‘h a way 
that they cannot come in (ontact with the pijie 
accidentally. Wires should be run over, rather 
than under, jiipes upon which moisture is likidy to 
gather or which, by leaking, might cause trouble 
on a circuit. 

( 'oiKl net <>i*s — 

a. Must hit jirotected, when brought into a build- 
ing, against moisture and mechanical injury, and 
all combustible material must be kept removed 
from the immediate vicinity. 

Must not be so arranged as to shunt the cur- 
rent through a building around any caM-h box. 

This refers to catch boxes in the street, Irom whicdi the 
wires should run to the buildings, and not from street to 
building, building to building, and back again into the 
street, around one or more cati h boxijs, thus shunting 
whatever protei'tive devices there may be in the catch 
boxes. 
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TABIiE III. 


CARRYING CAPACITY OF INISULATED 'WIRES. 


B. & S. Gauge. 

Rubber-Cov- 
ered Wires. 
Amperes. 

Weather-proof 

Wires. 

Amperes. 

Circular Mils. 

18 

3 

5 

1,624 

10 

0 

8 

2,583 

14 

12 

16 

4,107 

12 

17 

23 

6,530 

10 

24 

32 

10,380 

8 

33 

46 

16,510 

0 

46 

65 

26,250 

5 

54 

77 

33,100 

4 

65 

92 

41,740 

3 • 

76 

110 

52,630 

2 

90 

131 

66,370 

1 

107 

156 

83,690 

0 

137 

185 

105,500 

00 

150 

220 

133,100 

000 

177 

262 

167,800 

0000 

210 

312 

211,600 


200 

300 

200,000 


270 

400 

300,000 


330 

500 

400,000 


390 

590 

500,000 


450 

680 

600,000 


500 j 

760 

700,000 


550 

840 

800,000 


600 

920 

900,000 


650 i 

1,000 

1,000,000 


690 

1,080 

1,100,000 


730 

1,150 

1,300,000 


770 

1,220 

1,300,000 


810 

1,290 

1,400,000 


850 

1,360 

1,500,000 


890 

1,430 

1,600,000 


930 

1,490 

1,700,000 


970 

1,550 

1,800,000 


1,010 

1,610 

1,900,000 


1,050 

1,670 

3,000,000 
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30. Carryln^c Capacities of Wires, — As any wire car- 
rying an electric current is somewhat heated, it is nec'essary 
to know how much current can safely be carried on a wire 
of a given size. The foregoing table (Tai>le III) supplies 
this information. 

Table of (^arryinj? Capacity of Wires. — 

The accompanying table (Table 111), which must 
be folhnved in jdacing interior condiu'tors, shows the 
allowable carrying capacity of wires and cables of 
98 per cent, conductivity, according to the stand- 
ard adopted by the American Institute of Electrical 
Engineers. 

The lower limit is specified for rubber-rovered wires to pre- 
vent gradual deterioration of the high insulation by the lu^at 
of the wires, but not from fear of igniting the insulation. 

The (juestion of drop is not taken into consideration in the 
above table 

The carrying capacity of Nos. and IH wire is given, but 
no smaller than No 14 is to be used, except as allowed for 
fixture work and flexible cord. 

31. Wire Ciaujycs. — It sometimes hajijiens that wires of 
scant size are sold to the unwary. A workman ('onslantly 
using wires of various 
sizes soon learns to 
gauge the size of wires 
by his eye, but it is 
better to use a wire 
gauge frequently to 
avoid mistakes. A wire 
of given size should 
just enter the slot in- 
tended for that size in 
the style of gauge 
shown in Fig. 10. 

Gauges in the form 
of a vernier caliper, 
measuring the diameter 
of the wire in mils, are usually more accurate. A mil is 
another name for a thousandth of an inch j for example, a 
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wire .18 inch in diameter has a diameter of 180 mils. When 
the diameter in mils is known, the ^auge number can be 
found by referring to the table of dimensions of wires given 
in Table IV. 

We are now ready to discuss the requirements of wiring for 
particular purposes, beginning with low-potential systems. 


TAin^Ttl IV. 


DIMF.XSTOX^ OK ByVUK f’OPPKll WIBK H. iV Ci VKOK. 




Area ' 


1 

1 

Area 

Cauge 

Diameter 

C'ln ular | 

(iauge 

1 1 )i.imeter 

1 Circular 

N uni her 

Mils 

1 

Mils i 

Number 

' Mils ! 

' Mils 

0000 

400 0 

21 1,000.0 

8 

T-18 r. 

10,500.0 

000 

400 0 

107,805.0 

0 

1 114 4 

13,004.0 

00 

30 4. S 

133,070.4 

10 : 

lol.'.t 

10,381.0 

0 

324.0 

105,534 5 

11 

'.»() 7 

8,234.0 

1 

280 3 

83,004.2 

12 

80.8 

0,520.0 

2 

257 t; 

0(),373 0 

13 

72.0 

5,178.4 

3 

220.4 

52,034.0 

u 

04 1 

4, lot; 8 

4 

204.3 

41,742.0 

I'* 

! 57.1 

3,25(;.7 

5 

181.0 

33,102.0 

IG 

50.8 

2,582.0 

6 

102.0 

20,250.5 

17 

45 3 

2,048.2 

7 

144.3 

1 

20,810.0 

18 

1 

40.3 

1 

l,i;24.3 


AVnilXG FOR I^OW-POTE^STTIAT^ SVHTEMS. 
32 » Jleflnilloii of GoAv-Poteutlal System. — 

LOW-POTENTIAL SYSTEMS. 

650 Volts or l^ess. — 

yj//y circuit attached to any machine or combi- 
nation of machines that develops a difference of 
potential betiveen any t7vo zvircs of over 10 volts and 
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/I'ss than fhlO volts shall he considered as a low- 
potent tal Liremt and as eontitiii under this elass^ 
unless an approved tf^ansformini^ devne is used that 
cuts the difference of potential down to U) volts or 
less. The primary circuit not to exceed a potential 
of d/)00 7>olts. 

lU^foiv ]>ressure W raised above ;}(M> volts on 
any previously exist inj^ sy^^tein of wlrlnjf, tlie 
whole must be strletly broum:ht up to all of 
the re<iulrem<Mits of the riih^s at- dat<‘. 

Until recently, low-potential syst(‘nis wore limited to 
300 volts or under, hut the limit has been raised to 550, but 
550 volts cannot bo apjdiod to old systems unless the above 
rule is complied with. Low-potential syst(‘ms are usually 
constant-potential systems also; that is, the potemlial or ])res- 
sure between the t(*rminals of the mac'hine or at some d(‘fi- 
nite points on the line is almost uniform. Only constant- 
potential systems will he considered undcT this heading. 

A few general rules apply to the various kinds of work 
under these systems. They are as follows: 


33. Cfeiioral Kules. — • 

AVires— 

a. Must be so armniyed that under no eir- 
eurnstanees shall th<u*e l)e a«llfferi*riet‘ of poten- 
tial of over ;500 volts betwcHUi any barc^ metal 
in any dlstribiitlnj? swlteh, eiit-oiit eablnet, or 
equUWent center of <llstrlbut lon. 

h. Must not be laid in t)laster, (‘(‘inent, or simi- 
lar finish and must never be fastened with staples. 

c. Must not be fished for any j)Teat distance, 
and only in jdaces where the inspector c'an satisfy 
himself that the rules have been conijibed with. 

d. Twin wires must never be used, except in 
conduits or where flexible conductors are necessary. 

e. Must be protected f)n side walls from mec'han- 
ical injury. When crossing floor timbers in cellars 
or in rooms where they might be expost^l to injury, 
wires must be attached by their insulating supports 
to the under side of a wooden .strip not less than 
^ inch in thickness and not less than 3 inches in 
width. 
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Suitable protection on side walls may be secured by a sub- 
stantial boxing, retaining an air space of 1 inch around the 
conductor, closed at the top (the wires passing through 
bushed holes), and extending not less than 5 feet from the 
floor; or by an iron-armored or metal-sheathed insulating 
conduit sufficiently strong to withstand the strain it will be 
subjected to, and with the ends jjrotected by the lining or by 
special insulating bushings, so as to thoroughly prevent the 
possibility of cutting the wire insulation; or by plain metal 
pipe, lined with tough conduit tubing, which must extend 
from the insulator next below the pipe to the one next 
above it. 

If metal conduits or iron pipes are used with alternating 
currents, the two or more wires of a circuit junst be placed in 
the same conduit to prevent troublesome induction and heat- 
ing They should also be so placed in direct-current wiring 
if there is any possibility of alternating currents ever being 
put on the system. In this case, the insulation of each wire 
must be reenforced by a tough conduit tubing extending 
from the insulator next below the pipe to the one next 
above it. 

f. When run immediately under roofs or in 
proximity to water tanks or pipes will be considered 
as exposed to moisture. 


34. The reason for the first part of {b) is that plas- 
ter and cement are likely- to corrode the insulation on 
the wire and cause it finally to break. If the plaster is 
damp, leakage takes place, the wire is gradually dissolved 
by electrolysis, and finally it becomes so thin that it can- 
not carry its current without excessive heating and, per- 
haps, not without melting. While there are many places 
where wires embedded in plaster have been used for 
years without serious trouble, because of the dryness 
of the buildings where they are in use, trouble may 
develop at any time and the practice is always a danger- 
ous one. 

The second part of (b) is inserted as a direct prohibition 
against running electric-light wires as bell wires are usually 
put up. Staples not only do not insulate the wire, but are 
likely to cut into the insulating covering already on it. 
Rule (r) is to prevent the location of wires where it is 
impossible to know that they are properly supported and 
insulated. 
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SYSTEMS OF DISTRIBITITON P'OK INl'ERIOR 
MTUINO. 

35. The voltages in common use on low-potential sys- 
tems are: for continuous currents, 1 10 and 330; for alterna- 
ting currents, 53 and 104. These are used on both two-wire 
and three-wire systems of wiring. Many lighting cumjja- 
nies allow for various amounts of drop at different points on 
their lines and install lamps of different voltages, as, for 
instance, 108-volt lamps near the generator and 100-volt 
lamps at the extreme end of the line, with lamps of inter- 
mediate voltages at intermediate i)oints. Hut the lamps 
used by any one building are usually all of the same voltage. 

30. T he Two-Wire System. — This is the simplest plan 
of wiring and the one in most general use. The sketch, 
Fig. 11, shows in diagram the essential features of this 
system. The diagram of connections is the same for all 



voltages and for alternating or continuous currents; but the 
fittings, such as lamps, sockets, cut-outs, and switches, and 
the sizes of wire used will be very different. The fittings 
and the proper size of wire to be used will be discussed later. 

311m The Tldison Three- Wire System. — This system 
comes next in importance and extent of use. It also is used 
with various voltages and with continuous or alternating 
currents ; but its chief field is on continuous-current circuits 
operated by two generators, with 110 volts between either 
outer wire and the middle or neutral wire and 220 volts 
between the outer wires. Fig. 12 shows the diagram of 
connections. This system is also sometimes installed with 
220 volts between the neutral and outer wires and 440 volts 
on the outside wires. 
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Referring to the diagram, Fig. 12, observe the following: 
When the currents in the two outside wires are equal in 
amount, no current passes over the neutral wire; but when 



Fig 12. 


the currents are not equal, that is, when more lamps or 
motors are on one side of the neutral wire than on the 
other, the “ dilference current” flows on the middle wire. 

38. The advantage of this system is that with lamps of 
any given voltage it is ])ossible to save in the amount of 
wire reipiired. In the outside lines of the lighting company 
is where the greatest saving is effected, bcH'ause the neutral 
wire is there much smaller than the outer ones, and three 
wires are used instead of four, which would have to be run 
if the generators were ojierated independently. In interior 
wiring, the saving is not .so great, because the neutral wire 
must be large enough to carry the current in case all the 
load is turned off one side of the circuit, as would be the case 
if the fuse on one side should blow and that on the other 
side did not, and because in small installations, where 
unbalancing is likely to occur, three-wire mains must be 
large to reduce this trouble to a minimum. This sui:)ject is 
explained later. 

39. The three-wire system also has some disadvantages. 
Its most objectionable feature is that if any one line is 
opened, as by the blowing of a fuse on one line only, the sys- 
tem is unbalatK'ed and a voltage different from that intended 
for the apparatus is thrown on the lines, unless the line loss 
is very small indeed. If it is the middle wire that ('pens, 
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the whole 220 volts may be thrown on 110- volt apparatus, 
if the system is much unbalanced. For this reason some Edi- 
son companies refuse to place cut-outs on the neutral wire; 
but the main switch should in all cases open all three lines. 
Another weakness of the three-wire system is the fact that 
there is more danj>er in 220 volts than in IK), and a sho('k 
received from a 220- volt circuit may be very severe. 1'he 
wirinjr is somewhat more complicated, but owin^ to th(‘ 
saving in line materials, the Edison three- wire system has 
been introduced to a very great extent and still m(‘(‘ts with 
much favor in new installations, besides extending the net- 
work of its wires from existing stations. Lately it has had 
a new competitor m the 220-volt two-wire system, whi(‘h 
has grown in ])of)ularity with the perfecting of the 220- volt 
incandescent lamp. 

40. It is the usual practice to run the three wires no 
farther within the building than to the (‘enters of distri- 
bution, and from these 
centers to use the two- 
wire system, dividing the 
circuits as equally as pos- 
sible on the two sides 
of the three-wire cir- 
cuit, as shown in the 
sketch, Fig. 13. By this 
means, the branch lines 
are fused on both sides 
and amply protected 
against excessive cur- 
rents, though not against 
high voltage. If the 
neutral wire within the 
building is protected by a 
fuse as large as that in 
either of the other main 
wires, the danger of that 
line opening is very small. 



Pig. 18. 
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41 . There is a method of running wires on the two-wire 
plan that is sometimes confused with the three-wire system; 
this is illustrated in Fig. 14. In this method the middle 
wire carries the whole current and each of the two outside 
wires carry what current is necessary for the lights on its 
side. This method effects no saving of copper; in fact, it 



Fig. 14 

often requires more than the two-wire system would, because 
the three wires must generally be of the vSame size, as 
explained under the subject of cut-out protection. The 
object of the arrangement is solely to make it possible to 
turn off a number of the lights without running four wires. 
The Underwriters will not permit it with more than 
660 watts on a side. 

43. Systems like the three-wire system, but using more 
wires and, consecjuently, more generators, have been pro- 
posed; but none of them have come into commercial use to 
any extent in the United States, because they are easily 
unbalanced, because some of them give voltages too high for 



Fig. 15. 

interior wiring (550 volts being the limit of low-tension 
working), and because they are too complicated. They are 
used to some extent on the continent of Europe. Fig. 15 is 
a diagram of such a system. No fittings are shown, but 
they must be numerous and complicated to make the 
arrangement approximately practicable. 
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MULTIPHASE SYSTEMS. 

4:3» There are several systems for alternating’ currents 
only, known as multiphase systems, that recjuirc three 
or four wires. These, especially the three-phase, tlu‘ two- 
phase, and the nionoeyelic systems, are vea'y important, and 
diagrams, with brief descriptions of the essential connec- 
tions, are therefore given. Fig. It; represents lami)s ('on- 
nected on a three-i)haso eiivuit, which reipiires three 
wires of equal size. The voltage is the same between any 
two wires, and it is desirable to divide the lights equally 



across the three pairs of lim^s, as shown. Th(‘ sizes of wires 
for the branch lines (two-wire ('ir('uits) may be ('ahmlateid as 
for any other two-wire circuit, as is exjilained lat(T. The 
mains are of the same size as would b(^ reijinred if there w(‘re 
four wires, two on each of two separati* two-wire circmits 
carrying the same total number of lamps. This system is 
easily unbalanced if the lamps are not e(puilly divided. 
Cut-outs and switches (not shown on the sketch) must pro- 
tect all three wires. 

44, In a three-phase system, like that shown in l^hg. iu, 
the current in the main wires is found by multiplying the 
current in the branch circuits by — 1.7;; This assumes 
that the load on the three phases is balanced, as it should be 
in practice. This may be written in the form 

X 1 7:;, d j 

where f ,,, = current in each of the main wires; 

= current in branches. 
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In Fi^. 16, the current in each branch is 2 amperes; hence, 
the current in the mains is 2 X 1.73= 3.46 amperes. The 
method of determining the size of the mains will be taken 
up in connection with wiring calculatif>ns. 

45. In the two-pliase system the wires are sometimes 
arranged as in the Edison three-wire system, but the middle 
wire carries more current than either of the outer wires, 
instead of less. If the current in the outer wires is C and 
the current in the middle wire On? then 

C, = rxl.41. (2.) 

The arrangement of circuits is as in Fig. 17. Lamps are 
connected between either outer wire and the middle wire 
and not between the outer wires. The system is easily 



unbalanced. Three wires are run to the motors. Two- 
phase systems are generally installed as two separate two- 
wire systems, four wires being run to the motors and the 


To Line 



lights being divided equally on the two two-wire circuits. 
This gives better regulation (see Fig. 18). In this case, the 
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current in each of the four wires will be one-half that which 
would flow if all the lamps were operated on a reji^ular two- 
wire system. 

46, The monocyclic system is used only in transmission 
and in connection with motors. Wirinjj: for li|^hts on a 
monocyclic circuit is just the same as on any other two-wire 
circuit of the same voltage. The third wire is brought in only 
when a motor is installed. For its connections see Fig. r.». 



47, (hmerally speaking, multiphase circuits arc used in 
transmission of ])ower only, and not to distribute (‘urnuit to 
individual lamps. For final distribution, two-wire circuits 
should be used, and either conneded with the three or four 
multiphase lines at the distribution ceiittT or su])phed with 
single-phase current by the use of suitable transformers. 

48. House wiring slunild (M)nsist of two distiiu't portions: 
the distribution circuits, which run from the lamj)S to a 
center of distribution and whic h should always be two- 
wire circuits, and the mains, which run from the outside lines 
to the distribution center and whic'h must conform to the 
recpiirements of the particular system to be used. If mains 
must be installed before it is known what syst(*mis tosufijily 
current, it will be sufficient to run four S(*parate wires of 
the size required if the lamps were to be divichnl ecjually 
between two separate two-wire systems. This will make it 
possible to connec't to any system operating at the voltage 
for which the wiring calculations are made. 
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SWITCHES ANT) CUT-OUTS. 

49 . There are certain devices for the protection of con- 
stant-potential systems that are necessary no matter what 
voltage is used. Should anything happen to damage the 
wiring, it is necessary that the wires be disconnected from 
the source of supply of current with the least possible delay. 
The devices for this purpose that are operated by hand are 
called switches. Those that work automatically are ('ailed 
automat h* cut-outs. Th(!se latter are of two kinds, fuse 
blocks and <*ircu!t-breakers. 

Both a switch and an automatic cut-out must be placed at 
or near the place where wires enter a building. They must 
also be placed at various other points on the wiring. 

•>()• The object of the cut-out is to protect the wires and 
the devices connected to them from damage due to the 
presence of too muc'h current from any cause whatever. 
The ordinary ('ut-out consists of a porcelain base that carries 
suitable terminals for holding a piece of fusible wire, or fuse, 
whic'h melts and opens the circuit whenever the current 
bec'omes excessive. Not only must the cut-out protec't the 
lines when tliere is trouble, but it must be so jilaced that it 
can be reached to rejilace the fuse or reset the ('ircuit- 
breaker when the trouble is remedied. It must also be 
arranged so that the blowing of a fuse or the opening of a 
circuit-breaker cannot do any damage. 

#>1. Switches are designed to disconnect the lines from 
the source of electricity, not only when there is troubl(% but 
when convenienc'c requires, as in turning off lights, starting 
and stopping motor.s. 

Circuit-breakers are not as commonly used in interior 
wiring work as are fusible cut-outs. They are automatic 
switches controlled by an electromagnet and are made in a 
number of different styles. Whenever the c urrent exct'cds 
that for which the circuit-breaker is adjusted, the electro- 
magnet attracts its armature and releases the switch, thus 
opening the circuit. 
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The following rules regarding these devices must be 
followed in all cases : 

Switches, Cut-Outs, Circuit- Breakers, Etc. — 

a. Must, whenever called for, unless otherwise 
provided, be so arranged that the cut-outs will pro- 
tect, and the opening of the switch or circtiit- 
breaker will disconnect, all the wires; that is, in 
a two-wire system the two wires, and in a three-wire 
system the three wires, must he protected by the 
cut-out and disconnected by the operation of the 
switch or circuit-breaker. 

h. Must not be placed in the immc'diate vi('inity 
of easily ignitible stuff or where exposed to inflam- 
mable gases or dust or to flyings of c-ombustible 
material. 

Notk — In buildings used for starch an<l <‘andj' factories, 
woodworkers, grain elevators, flouring mills, or other i)ur- 

J )oses where fittings arc exposeil to dust and fUingsof in- 
laininablc material, ent-outs and switi hes should be ])kued 
in an appro\ed cabinet oiitsuh'of the dust rooms, or if neces- 
sary to locate same in tht‘ dust rt>om, c.ibim*t must be dust- 
proof and arranged with a self-closing chuir. 

c. Must, when exposed to dampness, either Ixi 
eiK'losed in a waterproof box or mount<‘d on [lon'e- 
lain knobs. 

Aiitoiiiiitic C^iit-Oiits (Fuses lUHl C lrcuIt-Br<Mikt‘rs) 

(1. Must be placed on all servicij wires, (‘ither 
overhead or underground, as near as possihh* to th<‘ 
point where they enter the building and inside th<‘ 
walls, and arranged to cut off the enlin- ( iirrent 
from the building. 

Where the required switch is inside the building, tht‘ cut- 
out required by this set t ion must be plated so as to jiro- 
tect it. 

b. Must be placed at every ])oint when* a change 
is made in the size of wire |unl(*ss the cut-out in 
the larger wire will jiroteet the smaller). 

This {b) means unless the current c arrit^d iiy the larger wire 
is less than the smaller wire wdl safely t'arry, the fuse beJng 
proportioned to protect the smaller wire. This is frecjuently 
the case when line wires are connected V) fixture wires, which 
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are small so that they will j^o between the shells of fixtures 
and the gas pipe within. 

c. Must be in plain sight or enclosed in an 
approved box and readily aeecssible. They must 
not be placed in the canopies or shells of fixtures. 

This rule (f) j)re(‘liKles the use of the small cut-outs that 
it was ('iistomary at one time to ])laee within the fixture 
canopies. 

d. Must bt‘ so j)laeed that no set of incandes- 
cent lamps, whether group<*(l on one fixture or 
several fixtur(*s or penclants, requiring more than 
()()() watts shall be dependent on one ('ut-out Spe- 
cial jiermission may be givmi in writing by the 
Inspection Dejiartment having jurisdiction for de- 
parture from this rule in the < as(‘ of large chan- 
deliers, stage borders, and illuminated signs. 

On 52- or llO-volt circuits this is eipiixalent to not more 
than twelve 1 h-<'andl(‘po\v(‘r lam|)s; on 220-volt (dreuits, not 
more than ten Ul-c‘andlepowc‘r lani])s. It is best to stay 
well under this limit, say about six lainjis to a cut-out, 
ex(a‘pt in the sjiei'iid cases niention(‘d in th(‘ rule*. 

i\ Must be provided with fuses, the rated 
<'apacity of whuh do<‘s not exceed the allowable 
carrying capacity of the wire, and when circuit- 
breakers are usecl, they must not he set more than 
about 150 ])er cent vd)ove the allowable carrying 
capacity of the ^\lre, unless a fusible cut-out is also 
installed in the circuit. 

This is very important. A fuse block not properly fused 
is of no use whatever. Irresponsibh* parties sometimes 
place fuses much too large to ])rotect the wire and which 
will destroy the cut-out if they should ever blow, besides 
doing other damage. Sometimes, also, fuse blocks are 
found having cojiper Avire where the fuses should be; of 
course, they are of no use with such connections. 

Circuit-breakers may be set so as to work with 
greater accuracy than fuses; they respond quicker to sud- 
den overloads, for fuses require a little time to get hot 
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enoujrh to melt. For this reason, eirciiit-breakers may i)e 
set for higher currents than fuses. If tlu'y are not so set, 
they will give trouble by opening the ein uit on momentary 
overloads that would not be sulheituU to melt the fuses. 
Circuit-breakers are usually instalhsl to j>rot(H't machines, 
while fuses ])rote('t wire's and cables of ilu* smalh'r sizes. 
Very large fuses should be avoided and cireuil-breakers used 
in their stead The largest currents shoidd 1 k' cu{ off indi- 
rc'ctly, as by lowt'ring the voltage and shutting down tlu‘ 
g('nerator. But such very large currents are only used in 
special low-voltag(‘ work, in electroi lu‘mi<'al processes, and 
electric furnaces. 

Rules Relating to Swltelies. — 

Hwlf elios — 

< 7 . Must b(‘ pla( ed on all servic'e wirt's, ('ither 
overhead or underground, in a rtsidily a<‘C(‘ssible 
place, as near as jiossible to tin* j)oint \\h(‘re the 
w’ires ent(‘r the building, and arrangisl to cut olf 
the entire curr<mt 

Must always lu* j)lac(‘d in dr\, acc(*ssil)h‘ 
places and be grouped as f.ir as possible Knife* 
switches must be so {>la( ed that giavity will tend to 
open ratlu'r than (dose the switcdi 

c. Must not be single-poh* when tin* ( inants 
that they control sup])ly d(‘Vices that re(]uire over 
OOO watts of energy or when the ditrer(‘n('e of 
potential is over volts. 

This rule (r) is imi)ortant, because it restricts the number 
of lamps so severely. 

d. AVhere flush switches are us( d, whethc'r with 
conduit systems or not, the switclu's must be 
enclosed m boxes constructed of or lin(*(l with fire- 
resisting material No j>ush buttons for b( 11s, gas- 
lighting circuits, or th(* like shall be pla('ed in the 
same wall plate with switches (ontrolling elec'tric- 
light or power wiring. 

This requires t'ln approved box in addition to the pono 
lain enclosure of the swdtch. 
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e. Where possible, at all switch or fixture out- 
lets, a ^-inch block must be fastened between studs 
or floor timbers, flush with the back of lathing, to 
hold tubes and to support switches or fixtures. 
When this cannot be done, wooden base blocks not 
less than inch in thickness, securely screwed to 
the lathing, must be provided for switches and 
also for fixtures that are not attached to gas pipes 
or conduit tubing. 

54 . Construction of Cut-Outs, Circuit-Breakers, Etc. 

Ecpially important as the location of these devices is their 
proper construction. The following rules should be given 
careful study before any of these supplies are purchased. 

(hit -Outs and (hreuit-Broakors — 

a. Must be supported on bases of non-combus- 
tible, non-absorptive, insulating material. 

Cut-outs must be provided with covers, when 
not arranged in approved cabinets, so as to obviate 
any danger of the melted fuse metal coming in 
contact with any substance that might be ignited 
thereby. 

c. Cut-outs must operate successfully, under the 
most severe conditions they are liable to meet with 
in practice, on short circuits with fuses rated at 
50 j)er cent, above and with a voltage 25 ])er cent, 
above the current and voltage for which they are 
designed. 

d. Circuit-breakers must operate successfully, 
under the most severe conditions they are liable to 
meet with in jiractice, on short circuits when set at 
50 per cent, above the current and with a voltage 
25 per cent, above that for which they are designed. 

c. Must be plainly marked, where it will always 
be visible, wdth tlie name of the maker and the cur- 
rent and voltage for which the device is designed. 

Fuses — 

rt. Must have contact surfaces or tips of harder 
metal having perfect electrical connection with the 
fusible part of the strip. 

b, Alust be stamped with about 80 per cent, of 
the maximum current they can carry indefinitely, 
thus allowing about 25 per cent, overload befoft^ 
fuse melts. 
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With naked, open fuses of ordinary shapes and not over 
500 amperes capacity, the ftut rwtttm current lliat will melt 
them in about 5 minutes may be sately taken as the mcllinf^ 
point, as the fuse practically reaches its maximum tem- 
perature in this time. With larger fuses a longer lime is 
necessary. 

Enclosed fuses, where the fuse is often in contact with 
substances having good conductivity to heat and often of 
considerable volume, require a mucn longer time to reach 
a maximu n temperature, on account of the surrounding 
material, which heals up slowly. 

c. Fuse terminals must be stamped with the 
maker’s name, initials, or some known trade mark. 

55* The Underwriters* Rules relating to switches spt'cify 
in detail the requirements that a swittdi must fuHil. Most 
of these requirements relate to meclianical details that con- 
cern the switch mannfacturer moni than the tv i reman. The 
style of switches used for interior wiring will he <lescribed 
later, and we will at this point simply call attention to a few 
rules relating to ordinary snap or push switches th.it are 
more directly connected with the installation of interior 
wiring. 

Snax) Switches. — 

a. The current-carrying parts must be mounted 

on non-combustible, non-absorptive,insulating bas(‘s, 

such as slate c)r pon'clain, and the holes for sup- 
porting screws shall be countersunk not less than 

inch; in no case must there be less than inch 
space between supporting screws and current- 
carrying parts. 

Subbases that will separate the wires at least 
^ inch from the surface wired over should be fur- 
nished for all snap switches used in exposed knob 
or cleat work. 

b. Covers made of conducting mat^*rial, ext'cpt 
face plates for flush swulches, must he lined on 
their sides and top with insulating, tough, and 
tenacious material at lexist inch in thickness, 
firmly secured, so that it will not fall out with 
ordinary handling. Side lining should extend 
slightly beyond the lower edge of the cover. 

c. The handle, button, or any exposed part must 
not be in electrical connection with the circuit. 
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d. Must ‘‘make*’ and “break” with a quick 
snap and not stoj) when motion has once been 
imparted to the handle. 

Must operate successfully at 50 j)er cent, over- 
load in amperes and 25 per cent, excess voltage 
under the most severe conditions they are liable to 
meet in practic'c. 

When slowly turned “on ” and “ off ” at the rate 
of about two or three times per minute, must 
“make” and “break” the circuit 0,000 times 
before failing, while carrying the rated current. 

c. Must be ])lainly marked, where it may be 
readily seen after the device is installed, with the 
name or trade mark of the maker and the curreot 
or voltage for whic'h the switch is designed. 

On flush switches, these markings may be ])laced 
on the back of the face ]>late or on the subplate. 

On other designs, they must be placed on the front 
of the cap, cover, or plate. 

Switches that indicate ujxm inspection whether 
the current Ik* “on ” or “off” arci re('()mmended. 

Some of the common styles of switch(*s and cut-outs will 
be described later when the methods of wiring are taken up. 


OVim WORK IN^ DRY PLACES. 

56 . Open work is generally used in factories, ware- 
houses, mills, and other ])lac'(‘s where there is no objection 
to having the wires in plain sight, or in old liuildings, 
where the exjiense of c'om'ealed work overbalances the 
objectionable appearance in the mind of the owner of the 
house or of the tenant. It is the cheapest kind of construc- 
tion and very often the safest. We will study how to wire 
a building by means of simple examples. 


SIMPLE EXAMPLE OF FACTORV WIRTXG. 

67. Consider a factory, such as a long machine shop, 
where there is but one floor to be wired. It is proposed to 
wire this for 110- volt enclosed-arc lamps and incandescent 
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lamps on the so-called tiw systoni that is, with hut one 
set of mains or feeder wires leavm^^ the dynamo and with 
other lines brandling fn»m these mains to the points where 
lamps are required. Let 2o represent the outlines of 
such a factory, in which incandesi*ent lamps are to he luinjiy 
on lamp cord at the points marked X and enclosed-aro 


U 



Fig tKi 


lamps are to he placed where the marks O are shown. Let 
us first consider what is the (dieapest way in which this 
factory can he wired in order to satisfy tin* U nderwnliTs; 
then w(‘ will see what modifications (‘an lx* made to lx‘tt<‘r 
the light, imjirove the system, and make it more (‘onvenient 
and economical in oj)eration. 

58 . We will assume that each incandes(*(‘nt lamp is to 
he allowed fia watts. Some good lamps tiiki* l(*ss pow’iir, 
hut it is not safe to count on less We also assume that 
each enclosed arc is to take a amperes while hurmng and 
12 amjieres to start on. There are in incandesi ent lanijis 
and {) arc lamps to he w'lred. 

55 (watts) 4- 110 (v(dts) = .5 (ampere per lamp), 

40 X .5 = 20 (amperes for in('ande.scent lamps), 

6x5 — ;J0 (amperes for an' lamps), 

Total amperes = 50, 

which must be carried on the mains for a short distance at 
least. 

Referring now to the table of Safe Carrying Capacities 
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(Table III), we see that the smallest wire that will carry 
50 amperes with safety is No. 6 weather-proof. 

59. Rules Relatiniir to Wires for Open Work. — For 
open work in dry places we have the following rules regard- 
ing wires: 

Wires — 

a. Must have an approved rubber or “ slow-burn- 
ing weather-proof insulation. 

b. Must be rigidly supported on non-combusti- 
ble, non-absorptive, insulators that will separate the 
wires from each other and from the surface wired 
over in accordance with the following table: 



DivStance From 

1 

Distance 

Voltage 

Surface. 

Between Wires. 


Inch. 

Inches. 

0 to 300 

1 


300 to 500 

1 

4 


Rigid sup[)(>rting requires under ordinary conditions, 
where wiring along flat surfaces, suppoits al least every 
4^ feet It the wires are liable to be disturl)ed, the 
distance between supports should be shortened In build- 
ings of null construction, mains of No 8 B & S. wire or 
over, where not liable to be disturbed, may be separated 
about 4 inches and run from timber to timber, not breaking 
around, and may be siipixirted at each timber only. 

This rule will not be interpreted to forbid the placing of 
the neutral of a three-wure system in the center of a three- 
wire cleat, provided the outside w ires are separated 2^ inches. 

Slow-burning weather-proof wire is cheaper than rubber- 
covered wire and is suitable for this purpose. Various 
manufacturers make it. The following specifications will 
enable the wireman to determine whether wire offered him 
is up to the .standard. 

Slow- HiirniniiC Weather-Proof. — 

a. The insulation shall consist of two coatings, 
one to be fireproof in character, the other to be 
weather-proof. The inner fireproof coating must 
comprise at least of the total thickness of 
the wall. The completed covering must be of a 
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thickness not less than that j^iven in the followinj^ 
table for B. & S. gau^e sizes: 


Sizes of Wires 
Between Numbers, 

Thickness 
of Insulation. 
Inch 

14-8 


7-2 


2-()()()() 

A 

0000-.5()(),()00 

A 

500, (K)()-l, ()()(). ()()(> 



over 1,000, 000 J 


Measurements of insulating wall are to be made at the 
thinnest i)ortion. Either the fireproof or the weather-proof 
coating may be on the outside. 

b. The fireproof coating shall be layers of cotton 
or other thr(‘ad, the outer on<‘ of which must be 
braided. * All the interstices of th(‘se layers are to 
be filled with the fireproofing ('oinpound. This is 
to be material whose solid constituent is not sus- 
ceptible to moisture, and which will not burn even 
when ground in an oxidizable oil, making a com- 
pound that, while })roof against fire and moisture, 
at the same time has considerable elastu ity and 
that when dry wull suffer no change at a tempera- 
ture of 250' F. and that wall not burn at even 
higher temperature. 

c. The weather-pr<K)f coating shall i)e a stout 
braid thoroughly saturated with a dense moisture- 
proof comj)ound thoroughly slicked dowm, apj)lied 
in such manner as to drive any atmos])heric mois- 
ture from the ('otton braiding, therebv securing a 
covering to a great degree waterproof and of high 
insulating power. This compound to retain its 
elasticity at 0° F. and not to drip at 160'’ F. 

This wire is not as liable Ir) burn as the old “weather- 
proof " nor as subject to .softening under heat, but still is 
able to repel the ordinary amount of moisture found indoors. 
It would not usually be used for outside work. 
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60. Determination of Slzt*s of Wire Aeeortlliii^ to 
(Current rai>a<*lt,v. — Observing tht* Icx^ation of the lamps 
as shown in the diaji^ram, we see that on each side of the 
building and down the center they are arran^^ed in straight 
lines. Tt is evident, therefore, that it wm‘11 be easier to run 
the wires along these lines and to fasten the rosettes (small 
j)orcelain fittings from which the lamps are suspended) 
directly to them, rather than put in short branch lines 
and run the }>rincipal wires on any other lines. We will, 
therefore, run the wires as shown in the sketch, where each 
line is supi)osed to represent a pair of wires put up on knobs 
or cleats. 

(>1. We have now 18 incandescent lamps on one line, 
21 on another, /) arc lamps on a third, and 1 arc lamp and 
1 incandes('ent lamj) on a fourth. Referring again to the 
table of Carrying Cai)a(‘itics, we find that these lines will 
re(|uirc wires of the following sizes: 21 incandescent 
lamps (10.5 amperes), No. U wire; 18 incandescent lamps 
(9 amperes). No. 14 wire; 5 arc lamps (25 amperes), 
No. 10 wire; 1 arc lamp and 1 incandescent lamp (5 5 am- 
])eres), No. 14 wire. 

05J. Ijocatlon of <'liit-Oiits. — Since not more than 
(0)0 watts can be dependent on one cut-out, if we lay out the 
wiring as stated thus far, it will be necessary to have fu.ses 
in all the rosettes and also a separate cut-out at each arc 
lamp. Jiesides these cut-outs, there must be a cut-out at 
the point where eac'h branch line joins the mains. The 
small wires running from the cut-outs to the arc lamps may 
be No. 14, which is large enough to carry the starting cur- 
rent of 12 amperes continually, if necessary. The locations 
of the cut-outs are indicated on the diagram by the letter c. 

63. The wiring as now laid out, if put up properly, will 
comply with all the Underwriters’ rules. The main switch 
and cut-out should be located near the dynamo in the 
engine room. 

Such an arrangement as just described would not neces- 
sarily give satisfaction; it would merely be safe. But 
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before entering upon the matter of how to im|>rove the plan 
of the wiring, we will consider some of the fittings and 
methods of work that should be used upon an 
installation of this kind. I |l 


FITTINGS ITSEI) FOR EXPOSED WIRING. 

G4, Open work must always be |)Ut up as 
tliough there were no insulation whatever on the 



wires themselves. The wires must l)e supported 
on insulators so as not to come into contact with 



any wc)odwork, pipes, or any other thing except 
insulating supports. 








FIG. 28. 


Fig. 
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G5, Fittin^jfs for Supportin^i? Wire. — Some varieties of 
porcelain fitting;s suitable for this kind of work are shown 
in Figs. 21 to 30. These figures are typical examples only. 
Fittings of quite different designs may be used if they 
comply with the rules. 

Fig. 21 shows an ordinary porcelain knob in section. 
These are made in various sizes, and the size used will 
depend somewhat on the size of wire to be accommodated, 
hhg. 22 shows the common 4-inch porcelain tube used where 
wires are run through joists. Fig. 23 is the style of tube 

used where wires are brought 
through window frames from 
the outside. The end is curved 
downwards to prevent water 
running in, and the drip loop a 
is formed to allow the water to 
drip off. A similar tube, only 
longer, is used for bringing wires 
in through brick or stone walls. 
Fig. 24 is a long, straight, porce- 
lain tube used for passing through 
walls or floors. Note that the head a is some distance from 
the end, so that when the tube is used for carrying wires 
through floors, the exposed part of the wire will be above 
the floor. 

Fig. 25 is a single-wire eleat, used more particularly for 
supporting fairly large wires. Fig. 26 shows a two-wire 
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different styles of cleats are made, but they are much the 
same in general construction. It is always best to put up 
cleats and knobs with screws, as a better job is done than 
when nails are used. Nails are, however, sometimes used, 



Fk;. 28 . 


a leather washer being placed between the nail head and 
the porcelain, to prevent the latter from bchng cracked. 
Fig. 27 is a knob cleat used for su])porting single wires 
where something nc‘ater than the ordinary knob is desired. 
It does away with the necessity of a tie-wire and is pro- 
vided with four dilTer- 
ent sized grooves so 
that it will accommo- 
date wires of various 
thicknesses. I'ig. 28 
shows a double-lieaded 
tube used when wires 
cross each other. lk)r- 
celain tubes should al- 
ways be used where 
crossings of this kind 
occur. The tube, Fig. 

22, is frequently used 
for this purpose; but 
if this is done, the end 
without a head should 
be taped to the wire 
to prevent the tube 
sliding along. Fig. 29 
shows a fused rosctt43 or ceiling cut-out. I hese rosettes 
^re made in two parts, a and d. Part a is screwed to fltq 
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ceiling and the lamp is hung from the cap b. The lines 
are attached to the terminals r, and the lamp cord to 
^4 ^/' ; /,/' are the small fuses. When the cover b is attached 
to a by a twisting movement, terminals g' lock with //, //' 
and make the ('onnection from the mains to the lamp. The 
cord should be knotted at / so that the pull will not come 
on the (‘onnections d' . 

(>(>. For su(‘h work as is now being considered, the prin- 
cipal porcelain articles required are the cleat, the rosette, 
and the ('ut-out. These are all made in several forms; some 
Oeats are to be fastenc'd with nails, others with screws. The 
selection of such fittings must be made with reference to 
the work in hand; for instance, cleats cannot be put up 
with nails on plastered walls, because the driving of nails 
will crack the plaster. 

If th(‘ wires are ])laced high out of reach and the distance 
betwfH'n th(i points of siqiport is considerable, they should be 
separated a foot or more and fastened to knobs. Where 
passing through Avails or partitions, the wires should be pro- 
tected by j)or('elain bushings. 

If a lamp is needed not more than 3 feet from the direct 
line of the wires, it can be hung where required l)y means of 

a eeiliiig: button. Fig. 30; 
but lamp cord must not be 
used to run lamps in this 
way more than 2 or 3 feet 
fr(.)m the rosette. 

Flexible F a m x> 

CoiHl. — In selecting lamp 
cord for this kind of work 
and in securing good sock- 
ets, too much care cannot 
be taken, for trouble occurs 
more frequently in lamp cord and sockets than in any other 
part of the wiring, if these articles are not of the highest 
grade. There is much temptation to use lamp cord for 
Other purposes than those for which it is designed. The 
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rules regarding it are given here, and special attention is 
directed to them : 

Flexible Cord — 

a. Must have an approved insulation and cov- 
ering. 

b. Must not be used where the dilTereiU'c of 
potential between the two wires is o\cr dOO volts, 

c. Must not be used as a su])])ort for clust(*rs, 

d. Must not i)e usctl e\ce[)l <or pendants, 
wiring of fixtures, and jiortablc lamps or motors. 

e. Must not be used in show windows. 

f. Must be jirotected by insulating bushings 
where the cord enters the sockid. 

g. Must be so suspended that the entir(‘ weight 
of the socket and lamp will be borne by knots under 
the bushing in the soc'kct, and abov(‘ tin* point 
where the cord comt‘s through the ( eiling block or 
rosette, in order that the strain may be taken fioin 
the joints and binding screws. 

08 . As there is much inf(*rior l.imp (‘ord on tin* market, 
the specifications for Jamp (‘ord aie gi v<‘U luu e. Only brands 
that comjily with those spcc'ific ations should be used. 

Flexible Cord — 

a. Must be made of stranded copper ('ondiK'tois, 
each strand to be not largtu' than No. or 
smaller than No. 3b B. S gauge, and eacdi 
stranded conductor must be (overed by an ap- 
proved insulation and jirotectcd from mechanical 
injury by a tough, braiclcd outer covering. 

Iwr pendant lamps: 

In this class is to be included all flexil>lc* cc)rd 
that, under usual conditions, hangs freely m air and 
that is nc^t likely to be moved suflic ientiy to ( ome 
in contact with surrounding objec'ts. 

b. Each stranded c:oncluctor must have a carry- 
ing capacity ecpiivalent to not less than a No. IS 
B. & S. gauge wire. 

c. The covering of ea^h stranded conduc'lor 
must be made up as follows: 

1. A tight, close wind oi fine cotton. 
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2. The insulation proper, which shall be either 
waterproof or slow-burning. 

3. An outer cover of silk or cotton. 

The wind of cotton tends to prevent a broken strand 
puncturing the insulation and causing a short circuit. It 
also keeps the rubber from corroding the copper. 

d. Waterproof insulation must be solid, at 
least gV inch thick, and must show an insulation 
resistance of 50 megohms (50 million ohms) per 
mile throughout two weeks’ immersion in water at 
70° F., and stand the tests prescribed for low- 
tension wires as far as they apply. 

e. Slow-burning insulation must be at least 
^^2 inch in thickness and composed of substantial, 
elastic, slow-burning materials that will suffer no 
damage at a temjieratiire of 250° F. 

f. The outer protecting braiding should be so 
put on and sealed in place that when cut it will not 
fray out, and where cotton is used, it should be 
impregnated with a flame-proof paint that will not 
have an injurious effect on the insulation. 

For portables: 

In this class is inc luded all cord used on portable 
lamps, small portable motors, etc. 

g. Flexible cord for portable use must have 
waterproof insulation, as required in section d for 
pendant cord, and, in addition, must be provided 
with a reenforcing cover especially designed to 
withstand the abrasion it will be subject to in the 
uses to which it is to be put. 

^or portable heating apparatus: 

h. Must be made up as follows: 

1. A tight, close wind of fine cotton. 

2. A thin layer of rubber about inch thick 
or other cementing material. 

3. A layer of asbestos insulation at least -A- inch 
thick. 

4. A stout braid of cotton. 

5. An outer reenforcing cover especially designed 
to withstand abrasion. 

This cord is in no sense waterproof, the thin layer of 
rubber being specified in order that it may serve merely as a 
seal to help hold in place the fine cotton and asbestos, and 
it shonld be so put on as to agcomplish this. 
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69, Ijamp Bases. — The style of lamp socket used in a 
i^iven job of wiring will depend on the kind of bases that 
are on the lamps. A large number of different styles of 
lamp bases have been brought out, but the number has 
gradually been cut down until the three types shown in 
Fig. 31 cover practically all the lamps in use in the United 



(a) (b> (c) 

Pig. 31. 


States; these are the Edison (^7), the Thomson-IIouston (/;), 
and the Sawyer-Man, or Westinghouse (c). Of these three, 
the Edison base is the most popular and is gradiudly super- 
seding the other two. In each case*, the terminals of the 
socket are marked /, When the lamp is placed in the 
socket, these make connection with corresponding terminals, 
thus connecting the circuit with the lamp. 

70. Lamp Sockets and Reccptacles.--A large variety 
of lamp sockets are manufactured, but they are all much the 
same in general design. Some of these are provided with 
keys for turning the light off or on ; others are keyless the 
light being controlled by a separate switch. The main 
thing to look out for in selecting sockets is to see that they arc 
substantial, one of the most common sources of trouble on 
incandescent-lighting circuits being flimsy sockets that are 
continually getting out of order. Fig. 32 shows a typical key 
socket for an Edison base lamp. Sockets should be so 
constructed that the shell a will be insulated from the wiies. 
Ordinary key sockets are suitable for work with incandes- 
cent lamps not exceeding 32 candlepower. The rubber or 
composition bushing shown in Fig. 33 must be used on all 
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sockets suspended from lamp cord in order to protect the 
cord where it passes through the shell. 

Fig. 34 shows a waterproof, keyless socket for an Edison 
base. The terminals are surrounded by molded mica insu- 
lating material a and the wires b are attached directly to 



Fic. a*.!. 


Fig. SS. 


Fig. 84. 


the mains. Waterproof sockets are also made of porcelain. 
Sockets of this type are required by the Underwriters 
whenever wiring is done in damp places, such as breweries, 
dye-houses, etc. 

Fig. 35 (<'?) and (/;) shows two styles of keyless recepta- 
cles. That shown in Fig. 35 (a) is almost entirely of porce- 
lain and is designed 
for a lamp having 
a Thomson -Houston 
(T. H.) base. That 
shown in Fig. 35 (b) 
is provided Avith a 
porcelain base and 
(f,) a brass shell, the 

terminals being de- 
signed to take a Sawyer-Man, or Westinghouse, base. 



POUC ELAIN FUSE BEOCKS. 

n. Kdison Ciit-Oiits. — Among the suitable cut- 

outs for small currents on 52- or llO-volt work are the 
standard Edison fiise-i>lu^ cut-outs. These cut-outs are 
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made for currents of from 5 to 30 amperes. The plug is 
provided with contacts like those of the Edison lamp base. 
Cut-outs of this style are made for all combinations of two- 
wire and three-wire circuits, and several cut-outs can be 
connected together at a distribution center if desirable. 

Fig. 3(> {a) and {b) shows the construction of the Edison 
fuse plug. The fuse f is mounted in a porcelain or glass 
holder and attached to the screw terminal .s' and the con- 
tact p. These plugs si'rcw into the receptacles on the fuse 
block, and whenever a fuse blows, a new plug is inserted. 

I'^ig. 37 (ji) slunvs a thrcc‘-wire main block and Fig. 37 {b) 
a three-wire l)rancli block, hhg :>7 (^) shows three two- 
wire doiibl<‘ braiudi bIoc*ks grouped together to form a 
distributing ccntcu*. The advantages of this type of fuse 
are that it is eiudosi'd and that it gives good ('ontact between 
the fuse and the fuse-block terminals. On the other hand, 
it is somewhat more expensive than the link fuse. 

7^^. Link Fnst's anti Fuse Jilocks. — Fig. 3S shows an 
ordinary link fuse. It consists of a fusible wire or strip c 

(generally made of a mix- 
ture of lead and bismuth) 
])rovid(‘d with ('oj)per ter- 
minals b. These termi- 
nals are necessary, because the fuse wire is soft and is almost 
sure to be cut if placed under the binding screws on the 
cut-out. 

When link fuses are used, they must comply with the fol- 
lowing specifications: 

For l^ircuils of Not Over 125 A^olts. — 

Links on non-combustible bases enclosed in fire- 
pro()f cabinets. Minimum break distance, 1 ^ inches ; 
minimum se{)aration of terminals of opposite polar- 
ity, unless separated by ample partitions, inches. 
Fnscs to be held free of contact 702 th any portion of 
the base. 

For ( ircuits of Not Over 250 Volts. — 

Links on non-combustible bases enclosed in fire- 
. proof cabinets. Minimum break distance, 2^ inches; 
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minimum separations of terminals of opposite polar- 
ity, unless separated by ample partitions, 2.V inches. 
Fuses to be held fy'ee of contact ivith any portion of 
the base. 

For open work, where the fuse l)locks are not enclosed in 



Fk;. 39. 


fireproof cabinets, they must be provided witli suitable 
covers to prevent the melted 
metal of the fuse wire com- 
ing into contact with inflam- 
mable material. They should 
also be so located that no 
damage will result if the 
cover is left off. 

Figs. 39 and 40 show two 
styles of link fuse blocks, 

Fig. 39 being a main-line 
block with its cover and 
Fig. 40 a two-wire branch 
block with its cover omitted. 

Some manufacturers rate 
their wares as capable of 
carrying larger currents than 
should be allowed. Care 



FIG. 40. 
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should be taken not to use sueli fittinj^s except within their 
proper range. 

Eiic*lose<I Eiises. — The use of link fuses is gradually 
giving way to that of enclosed fuses. The Edison plug is 
one type of enclosed fuse, but there are many other varieties 
in which the fuse is sealed in a tube or cartridge filled Avith 
material Avhic'h does not conduct heat readily. The fuse is 
thus protec'ted from injury and is more likely to melt at its 
rated capacity. One tvpe of enclosed fuse block is shown in 
Fig. 44. 


roil A ITNIFOUM 3>UOP. 

74 -. In the method of wiring illustrated in Fig. 20, it 
will be noticed that tlie lain]) on the extreme end of the line 
in the office is much farther aAvay from the dynamo than 
the first lamp on that line. Owing to the resistanc'e of the 
wire, the distant Limp will not burn as brilliantly as the 
nearer one; therefore, it is desirable to have a system of 



wiring on which the lamps will all glow with equal bright- 
ness. Also, it is not desirable in many cases to have a 
rosette with a fuse at eac'h lamp, as this means many small 
fuses. Many very small fuses are not as reliable as a few 
larger ones and they cause more trouble. We will, there- 
fore, plan to wire this establishment so as to avoid these two 
undesirable conditions. Fig 41 represents the factory so 
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wired. Where joints are made without chanjj^inj>^ the size 
of the wire, no cut-outs are required. In these wiring 
diagrams but one line is drawn to rejirestuit the two wires 
that must be installed. 

In the wiring diagram shown in Fig. 41, there being 
less than GGO watts on any brancli eireuit, fuses may be 
omitted from the rosettes (or fuseless rosettes installed). 
Fuses of a proper size to protect the lamp cord must be 
placed in the cut-outs, that is, G-ampere fuses if No. IG cord 
is used. In such an installation. No. IS lamp cord cannot 
be used without fused rosettes, unless not more than 
G lamps are placed on a branc'h circuit, i)ecause a Jbam])ere 
fuse is required to protect No. IS wirc‘, and if plac'ed in a 
cut-out, it will not allcnv current to ])ass for more than G 
110-volt lamps. The sizes of \\ires permitted by the insur- 
ance rules will be the same as in the first c'ase studic'd 

75. We will now take u]) the subject of line calculations 
with reference tc') loss of ])ower, or drop in potential. 
Table V gives the resistance' of pure co}>j)er wire at 7/)*^ F. 
(24° C.), which is the temiierature at Avhich wiring ('alcaila- 
tions are usually made. The conductivity of c'omnKTC'ial 
copper wire is from 9S to 99.5 per cent, of that of i)ure 
copper. 

In ordinary interic^r wiring, the variations in resistanc'e 
due to changes in temperature are usually disregarded, 
although they must be taken into ac'count in tlui design of 
most kinds of electrical apjiaratus where they aflect the 
regulation very muc'h, as, for instance, in the licdd c‘oils on 
a generator. The greatest variation in tempcu'ature at all 
likely to occur, and that will occur but rarely and only m 
open work, is aliout 100° F. This will correspond to a 
change in resistance c:)f about 21 per c'cnt. 

The resistances of wires smaller than N(^. IS arc* of no 
use in practical wiring, but are given for reference, as .small 
wires are used in many pieces of mechanism, such as fan 
motors, resistance boxes, etc. with which wiremen have to 
deal, and also in bell and annunciator work. 
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TABIiE V. 

BESISTAXCE, OP PPHK COPPER WIRE. 


Resistance at 75“ F. 


Number 

B. & « 

Obms 

Per l,()(Hj Feet. 

Ohms 

Per Mile, 

Feet 

Per Olim, 

()0(K) 

.04893 

.25835 

20,440 000 

000 

.06170 

.32577 

16,210 000 

00 

.07780 

.41079 

12,850 000 

0 

.09811 

.51802 

10,190 000 

1 

.12370 

.65314 

8,083 000 

2 

.15600 

.82368 

6,410 000 

B 

.19670 

1.03860 

5,084 000 

4 

.24800 

1.30940 

4,(»:51 000 

5 

.31280 

1.65160 

3,197 000 

6 

.39440 

2 08250 

2,535 000 

7 

49730 

2 62580 

2,011 000 

8 

62710 

3 31110 

1,59.") 000 

9 

.79080 

4 175:!0 

1,265 000 

10 

.99720 

5 26570 

1,008 000 

11 

1 25700 

6 63690 

795 300 

12 

1 58600 

8 37410 

030 700 

13 

1 90900 

10 55500 

500 100 

14 

2.52100 

13 31100 

396 600 

15 

3.17900 

16 78500 

314 500 

16 

4.00900 

21.16800 

249 400 

17 

5.05500 

26 69100 

197 800 

18 

6 37400 

33 65500 

156 900 

19 

8 03800 

42 44100 

124 400 

20 

10 14000 

53 53900 

98 660 

21 

12.78000 

67.47900 

78 240 

22 

16 12000 

85 11400 

62 050 

23 

i 20 32000 

107 29000 

49 210 

24 

1 25.63000 

135 53000 

39 020 

25 

32 31000 

170 59000 

30 950 

26 

40.75000 

215 16000 

24 540 

27 

1 51.38000 

271 29000 

19 460 

28 

64 79000 

242 09000 

15 430 

29 

81 70000 

431 37000 

12 240 

30 

103 00000 

543 84000 

9 707 

81 

129 90000 

685 87000 

7 698 

82 

163 80000 

864 87000 

6 105 

33 

206 60000 

1,090.80000 

4 841 

84 

26 ) 50000 

1,375 50000 

3 839 

35 

328 40(K)0 

1,734 00000 

3 045 

36 

414 20000 

2,187.00000 

2.414 

87 

522.20000 

2,757 30000 

1 915 

88 

658.50000 

3,476 80000 

1.519 

39 

830 40000 

4,384 50000 

1 204 

40 

1,047.00000 

5,528.20000 

.955 
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76 . The efficiency of a system of electric wiring depends 
on the amount of power that is consumed in heating the 
wires instead of being conveyed to the lamps or other trans- 
forming devices. This loss of power (in watts) is equal to 
the volts drop in the line multiplied by the nirrcnt in 
amperes. Wiring specifications usually call for so many 
volts drop or not more than a certain percentage of dro^) 
on the line between the lamjis and the center of distribution 
and between the center of distribution and the jioint where 
the wires enter the building or where the dynamo is located. 


C ATXTTJLATION OF LINE LOSSES DUE TO RKSIST.\N( E. 

77. We will now calculate the drop on the wires in the 
factory shown in Fig 41, using the smallest wires permitted 
by the Underwriters. The distance from the dynamo D 
to the point marked J, which is the average distance that 
the current travels on the No. wire, is 150 f(‘et (allowing 
for risers to a ceiling 15 feet high). As there must lx* two 
wires, the* total length of wire is ;J00 feet. 

The resistance of 1,000 feet of No. 0 wire (Tabh* V) is 
.:19440 ohm; therefore, the resistance of 500 feet of No. 0 
wire is .5 X .59140 = .11S55 ohm. This line carries 50 am- 
peres. By Ohm’s law, the drop is given by the following 
relation : 

Drop in line (volts) = current in line X resistance of line; 
hence, Drop = 50 X . 1 IS = 5.9 volts. 

The line from A to /> carries current for 9 lamps^ or 
4.5 amperes. Its distance is 140 feet and the resistance of 
the N(^ 14 wire is 2.5‘il ohms per 1,000 feet; heiK'e 

Drop = 4. 5 X X 2.521 = 5.1705 volts 

drop on the branch line of No. 14 wire. 

The total drop from D to B will then be 5.9+5.18 
= 9.08 volts. This is 8.5 per cent, of 110 volts, altogether 
too much for such a plant as we have been considering. 
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The reason why such a large loss must not be permitted, 
in addition to the simple matter of economy of power, is 
that such a large falling off in voltage will greatly reduce 
the brightness of the lamps and poor service will result. 
The cost of power alone, however, is usually a sufficient 
reason to prohibit such great losses in the wiring. 

IS, The plant we are considering requires 50 amperes 
at 110 volts, or 5,500 watts. This, if furnished by a light- 
ing company, will cost between 10 cents and 20 cents a 
kilowatt-hour, at the rates ordinarily charged. That will 
be from $ 55 to $1.10 an hour for light. (S,3 per cent, of 
this is 4.505 cents to 9.13 cents an hour. If the lights are 
used an average of 2 hours a day 300 days a year, this 
will amount to from $27.39 to $54.78 a year. If the loss 
were one-fourth as great, the saving in the cost of light 
in one year would more than pay for the additional cost of 
wire. 

It is usual to specify a 2-])er-cent. drop for such installa- 
tions as this when the current is to be purchased at fairly 
high prices, and a 3-i)er-cent. to 5-per-cent, drop where 
the current is produced cheaply, as by a dynamo on the 
premises. Not more than a 5-per cent, drop should be per- 
mitted on short distances, even where very cheap work is 
desired. This would be accomplished in this case by using 
No. 4 wire for the feeders and N(). 12 for the branch lines. 
The student may calculate the loss exactly by the use of 
Table V. 

79, Drop In Arc-Digrht Wiring?. — The loss on the arc 
lines using No. 10 wire from the point A is found as 
follows: The resistance of No. 30 wire is about 1 ohm 
per 1,000 feet. 

2 X 10 (feet) 

Drop from A to lamp No. S = 15 (amperes) X fq )^() — ' “ volt; 

2 X 50 

Drop from lamp No. ^ to lamp No. J = 10 X 1 volt; 

1,UUU 

2 X 50 

Drop from lamp No. i to lamp No. = 5 X j - = .5 volt; 
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Drop from lamp No. Jf to lamp No. 5 — .5 volt; 

2 V 40 

Drop from A to lamp No. 4 = 10 X .Gv,, = 

1 , 000 

Total drop at lamp No. i = .3 + 1 4 - .5 -.z. 1 8 volts; 

Total drop at lamp No. ~ .3 4 - 1 ™ 1 3 volts; 

Total drop at lamp No. = .3 volt; 

Total drop at lamp No. 4 = .8 volt; 

Total drop at lamp No. 5 =r .8 4 - .5 1.3 volts. 

These slight variations can be permitted on the arc lamps 
without inconvenience. 


80. Size of AVlre for Arc* Lights, — It should be noted 
that No. 10 wire is the smallest permitted on this line if the 



Fig. 42 

line is protected by but one cut-out. But if the line is 
divided into two parts, one for lamps Nos. i, and S and 
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one for lamps Nos. ^ and f), with separate cut-outs for each 
of these lines, smaller wires may be used, so far as the 
Underwriters' rules are concerned. Fig. 42 shows the 
sizes permitted with a single branch block and {b) with 
a double branch block. 

The wires that have their sizes designated by odd num- 
bers from No. 7 up are not usually manufactured for line 
work and cannot be purchased except on special order. 
Therefore, work must be done without using Nos. 7, 9, 11, 
and F5. The resistances of these sizes, however, are given 
in the table, and these wires are extensively used in the 
manufacture of electrical machinery. In tables given later, 
the above sizes are not given, although in a number of cases 
they would^ come nearer the calculated size. In interior 
wiring, it does not, as a rule, pay to split hairs over the 
sizes of wire, and the nuisance of carrying a large number 
of sizes of wire in stock more than counterbalances any 
slight gain there might be in the copper iisenl on a given 
job. For this reason, the above odd sizes are not generally 
used. Moreover, the tendency is always to add more lights 
to a system, and it is best to be liberal when installing the 
wire. 


CALCTTI.ATION OF THE PROPER SIZE OF WIRE FOR A 
CrVKX LOSS. 

81, Wiriiif? for llO Volts, a-Per-Uent. Drop. — We 

will now calculate the sizes of Avires required in the building 
Avired according to Fig. 41 for a loss of 2 per cent. (2 per 
cent, of 110 — 2.2 \a)lts). 

This calculation will be made with a view to making 
the drop uniform along all the lines. That is, we will 
make the volts drop per foot of line equal as nearly as 
possible in feeders and branches. The proper A^alue of 
volts drop per foot is found by allowing the desired drop to 
the farthest lamp in the system and distributing this drop 
uniformly along the lines to the generator, or center of 
distribution. 
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The average distance from the dynamo to the farthest 
lamps is 150+ 140 = 290 feet. This re(|iiires lineal 
feet of wire, or .580 thousand feet, there being two lines. 


2.2 (volts) 
^580 


= 3.cS volts per 1,000 ft. 


3.8 (volts) -r- 50 (amperes) = .076 ohm per 1,000 ft. for mains 

The nearest wire to this is No 00, with .Obs ohm i)er 
1,000 feet. Using this, the loss on tlie mains will be 
.3 X .078 X 50 = 1.17 volts, leaving 2.2 — 1.17 = 1.03 \olts 
to be lost in the distribution lines and 1.03 : .2S = 3 US volts 
per 1,000 feet in th(‘ branch lines. The win‘ nearest to this 
is No. 9. 

The student will see at once that in m.dving .i saving of 
about 7 per cent. (9. 1:1 — 2.2 volts) in ellicaency he has beem 
obliged to use about five times as much copper, and that it 
the distances are long and the losses must be small, the cost 
of wire will prohibit the use of low voltag(‘s 


83. Wiring foe Volts Drop.— As a 

further exercise in cahmlating th(‘ re(]uired sizi's ot wir(‘s in 
terms of resistances ])er 1,000 feet, lc‘t us asi'ertain th^^ 
proper sizes of wire to ecpiip the factory with 22t)'Volt lamps, 
allowing 3 per cent. loss. 

As 220-volt lamps are not as efficient as 1 10-volt lamps, we 
will allow 60 watts })er 1 6-candlej)ower lamp and amp(*res 
per enclosed-arc lamp. The four ('ircuits for im'andes(‘(‘nt 
lamps carry approximately equal loads and are of about the 
same length, so that if we calculate the size of wire to usi* 
on one of them, we will have found the proper size for 
them all. 

10 (lamps) X 60 (watts per lamp) 220 (volts) = 2.73 amperes, 

4 X 2.73 = 10.92 amperes for incandescent lamps. 

5 X 3.00 = 15.00 amperes for arc lamps. 

25.92 amperes total current, 

3 per cent, of 220 volts is 6.6 volts. 
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A A 

= 11.38 volts lost per 1,000 feet; 

. OoO 
11 38 

- = .44 ohm per 1,000 feet for the mains. 

/lo. 9 

The wire with resistance nearest this is No. (>, with . 394 ohm 
per 1,000 feet. Using this size, we will have a loss on the 
mains of .3 X .394 X 25.9 = 3.07 volts, leaving 3.53 volts to 
be lost on branch lines. 

The size of these branch lines will, therefore, be found as 
follows : 

3-53 3 53 

= volts drop per 1,000 feet in branch lines and ■— 2.73 
.28 .28 

= 4.02 ohms per 1,000 feet. 

Table V gives 4.009 ohms per 1,000 feet for No. 10 wire, 
which is smaller than the Underwriters will permit. No. 14 
must be used, even though it is larger than necessary as far 
as the drop is concerned. The loss will then be on the 
branch line .28 x 2.520 X 2.73 = 1.93 volts, heaving 0.00—1.93 
= 4.07 volts to be lost in the mains, instead of 3.07, as pre- 
viously calculated. 

4.07 

— q" ~ ohm per 1,000 feet in feeders. 

. o 

No. 8 wire has .027 ohm per 1,000 feet and is nearest the 
required size. 

In 220-volt wiring, where the distances within the build- 
ing are short, the wireman will usually find that the mini- 
mum sizes of wires specified by the Underwriters are large 
enough to carry the current with less than 2 jier cent. loss. 
In small dwellings wired on the closet system of distribution 
with 220-volt circuits, it will not be necessary to pay any 
attention whatever to the drop on inside lines. 

83. Center of Distribution. — In making calculations 
relating to Aviring, the distance to be taken is the 
distance through which the current supplied can be con- 
sidered as flowing. For example, take a case like that 



§26 


INTERIOR WIRING. 


65 


shown in Fig. 43, where a circuit is run from a distributing 
point A to ti number of lamps 7>. For the first 100 feet no 
lamps are connected; we then have, say, 12 lamj)s spread out 
over 50 feet at the end. In calculating the drop on such a 
circuit, it is evident that the full length sliould not be taken, 
because the whole of the current does not How through all the 
line. The current keeps decreasing as each lamp is passed. 
The center of distribution for the lamps wall, therefore, be 
at C and the average length of wdre through w^hich the 
0 amperes is carried is 2 X 125 = 250 feet. If the lights w^ere 



all bunched at the end of the line, the distanc'e to the center 
of distribution w^oiild then be the same as tlui length of the 
line, and the length of wire through which the 6 am])eres 
would flow would be 2 X 150 300 feet. If the lights were 

spaced uniformly throughout the w'hole length of the line, the 
average distance would then be = 75 feet and the av-erage 
length of wire used in making cah'ulations for drop wf)uld 
be 150 feet. By laying out a jflan of the wiring, tlu; average 
distance over which the ('urrent is transmitted can usually 
be determined without much trouble and close enough for 
practical purposes. 
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EFFEC T OF < ONNEC’TINC; EOW-A OETACj! E (T HRENT AM) 
EVMFS TO AVIRIX; C \EC FEATE1) FOR UlCill A OETACiE. 

84. 'Phe perc'ciiLage of loss on any system of wiring is 
inversely j)ropoiTional to the scjiiare of the voltage, if the 
watts transmitted are the same. That is, if we have 1 volt 
lost m transmitting 100 watts at 220 volts over a certain 
wire, we will have 4 volts lost in transmitting 100 watts at 
110 volts over the same resistance, and IG watts lost in trans- 
mitting at 55 volts. Let us see what would be the result if 
the factory wired for 220 volts, 3 per cent, loss, were con- 
n(‘cted to 52-volt supjily wnres and furnished with 52-volt 
lamj)s. 

40 52-volt lamps taking 1 ampere each, 40 amjieres. 


5 alternating arc lamps 50 amperes. 

Total current OO amperes. 


.G27 X .3 X ^30 = 1G.93 volts lost in mains. 

2.53 X .28 X 10 = 7.08 volts lost in branches. 

Total == 24.01 volts lost in wiring. 

T!u‘ actual volts drop will not be as great as this because 
the current will not be as great, owing to the resistance of 
the lines; for the lamps being supplied with considerably 
less than 52 volts will not take their full amount of current. 
These figures will be correct, however, if the lamps take 
I ampere each (as would 25-volt 8-('andlepowcr lamps if they 
were substituted for the 52-volt IG-candlepower lamps). 
Here, then, is a loss of about 50 per cent, and a reduction 
of the power transmitted of 50 per cent. Leaving the 
52-volt lamps in place, the actual voltage will be (since 
the resistance of the lines is about equal to one-half that 
of the lamps, or one-third the total resistance) about 
35 volts. The main lines, moreover, will not carry a current 
of GO amperes safely. 

85. 8elei*tioii of Fittiiijgs for 330-Volt Wiriii^!^. — In 

220-volt wiring great care must be taken in the selection of 
littings. (\it-oiits, sockets, and switches designed for 
ILO-volt working and not improved during recent years sc 
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as to comply with the severer requirements of the present 
day must not be used on higher voltages. Keyless sockets 
should be used for 220-volt work and the lamps controlled 
by switches; no rosettes with fuses should be installed, fuses 
being placed in approved cut-outs, one of which should 
be provided for each ten lamps or less. If proper pre- 
cautions are taken to procure good cut-outs, sockets, and 
switches, there is no especial difficulty to be encountered in 
220-volt work, though the lamps are not as efficient as can 
be procured for lower voltages. 

Fig. 44 (a) and (d) shows two cut-outs designed especially 
for 220-volt work. The construction is such as to secure 
higher insulation and less liability 
to arcing than with the ordinary 
110-volt fittings. Fig. 44 {a) is a 
three-wire branch block shown 
without the fuses in place. 

Fig. 44 (I?) is a three-wire main 
block with the fuses / in their 
proper position. These fuses are 
of the enclosed type; i. e., the 
fuse is enclosed in an insulating 
holder that, in this case, is held 
by clips,^'-, (a). 

Enclosexl fuses have of late 
years become quite common. The 
idea is to prevent the fuse arcing 
when it blows and also to pro- 
tect it. It is claimed that 
enclosed fuses are more reliable 
than open ones, because they may 
be depended on to blow more 
nearly at their rated current. 

Open fuses often come in contact 
with the cold porcelain base, and 
this has a marked influence on 
their fusing point. Drafts of 
air may also influence the fusing 
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point considerably. Enclosed fuses are now very generally 
used for 110-, 220-, and 500-volt work. 

86. Size of Wire for Three-Wire System. — If it is 
desired to wire the shop which we have been considering 
for 110-volt lamps on the Edison three-wire system, the sizes 
of the main wires required will be the same as for the 220-volt 
two-wire system, and a third, or neutral, wire must be 
installed. This is usually ])laced between the other two, 
and if the wir(;s are put uj)on cleats, three-wire cleats may 
be used. The neutral wire must not be smaller than will be 
required for the safe carrying capacity for the current of all 
the lamps on one side of the circuit. In this case, that cur- 
rent is 25 amperes and the wire must not be smaller than 
No. 10. It should be larger, to prevent unbalancing when 
lamps are turned off. 

87. Triibalaiiciii^ of Three-Wire System. — The un- 
balancing of a three-wire system with the three wires of equal 
size is illustrated in Fig. 45 (a) and (/;). When the system 
is balanced as in (^:?), we have 3 amperes in the outside wires 
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Fig 45. 


and no current in the neutral. We will take the pressure 
between A and C or C and E as 112 volts, and between B 
and D or D and /''as 1 10 volts. There is, therefore, a drop 
of 2 volts in A B and also a drop of 2 volts in E F, The 



§26 


INTERIOR WIRING. 


69 


resistance of u4 />, C /\ and /i* /'must, tluTcfore, be I ohm, 
in order to give a drop of 2 volts with a <‘urrc*nt of 2 amperes. 
If the load becomes unbalaneed, as in {/>), there will ])e a 
current of 3 amperes in J />, as before, 2 amperes in C />, 
and 1 ampere in ^ The drop in J /> will be X 3 r- 2 volts; 
in C I\ I X 2 = 1 1 volts; in H I\ X 1 ^ volt. The total 
drop in the two outside wires will now b(‘ 2 -j- 'j 2^ volts, 
and hence the pressure betw’'e(‘n the outsidi^ wires at the 
end of the line must be 22 1 — 2;J 221 \ volts. 1'aking the 

upper side of the circuit, \\c have 3 amjiercs llowdn)^ out 
through A /> and 2 amperes downing back througli ( /b ilie 
drop on this side must, therefore, be 2 -|- IJ 3^^ volts and 
the pressure betw^een /> and />must lie 1 12 ^ lOSfj volts. 

The jiressure betw(‘en /> and / is 22lj\ volts; lumc'e, the 
pressure betw'een D and / must b(‘ 22 W. - lOS^ ":ll2r{. 
The result of the uneven load is, therefore, that t!i(‘ \oltage 
rises in the lightly loadc'd side and jails on the side having a 
heavy load. If th(‘ mmtnil wu*re w^cn' smalka*, this unbalan- 
cing w’ oil Id be greater. 

The branch lines of a ihree-w ire system must luMahulated 
for the proper (uirrcnt and drop on llo volts as two iviie 
circuits, bec'aiise these branches are simp](‘ t w'^o-wire (arc uits. 




INTERIOR WIRING. 

(PART 2.) 


UOTFORM DROP IN FEEDER EmES. 

1 . In installations where there are many sets of feeder 
lines running to various departments, it is usual to allow a 
certain loss in the feeders and a certain other loss in the dis- 
tribution wires. The loss in all feeders is made the same, 
and the dynamo is operated at a higher vcdtage than the 
lamps will stand, with the intention of losing a definite 
amount before the lamps are reached. It is im[)ortant that 
the voltage at the lamps should never exceed that for which 
they are intended. 

2. Fig. 1 represents a factory, such as a wagon works 
or furniture factory. Only the outlines of the buildings are 
indicated. The dynamo and switchboard are loc'ated at /) 
in the engine room. The various centers of distribution are 
to be at or near the centers of the various floors. A sepa- 
rate pair of mains is to be run to each distribution center. 
Where ' elevator shafts are convenient, they are used to 
run risers to the upper floors. In the case illustrated there 
are fourteen pairs of feeder wires, each pair being repre- 
sented by one line in the figure. 

A 115-volt dynamo and 1 10-volt lamps are to be used. A 
loss of 2 volts is to be allowed in the distribution wires and 
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The resistance per 1,000 feet of these feeders required to 
give a drop of 3 volts and the nearest sizes of wires obtain- 
able, are calculated as follows: 

Shop = .461, No. 6 has .39.5 ohm ])er 1,000 feet. 

Zo X • Ziv 

Shop B, — 3 = 1.000, No. 10 has. 999 ohm per 1,000 feet. 

^ 20 X .15 

Shop C, - — = .882, No. 10 has. 999 (dim per 1,000 feet. 
20 X .17 

Shop A = has .395 ohm per 1,000 (coX. 

20 X . 35 

3. This method of calculating; required sizes of wires can 
be applied to any kind of wiring for any practical purpose; 
but to avoid the necessity of figuring out c;ich case, wiring 
tables have been prepared by which the proper size can be 
determined without calculation. 


CALCITTLATTOX OF WinE SISSES TN TEHMS OF UKSISTANOE 
1*ER 1,000 FEET. 

4. Calculations based on resistance i)er 1,000 feet, such 
as have been made in previous examples, may be i)Ut in the 
shape of a formula as follows: 

c X 1,000 ,, , 

“ 2 X /> xT’ ^ 

in which r„, is the resistance of 1,000 feet of the wire to be 
used, c the drop in volts, J) the distance measured in feel, 
and C the current measured in amperes 

For example, to carry 10 amperes 600 feet (600 X 2 
= 1,200 feet of wire) wiih 3 volts drop, the resistance per 
1,000 feet will be: 

.. _ = 2.50 ohm per 1,000 feet. 

“ “ 2 X 600 X 10 

No. 4 wire has about this resistance, as may be .seen by 
consulting a wire table 



Distances in Feet for Loss of 1 Volt. 
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5 . Wiring Table Giving lilstaueos for Drop of 1 Tolt. 

In Table I, distances in feet are ^iven in the top horizontal 
line. Beneath these distances are columns containing num- 
bers that designate the proper size of wire to use to obtain a 
drop of 1 volt when the wire carries the current given in the 
corresponding line in the left-hand column. 

If it is desired, for example, to find the size of wire neces- 
sary to get a loss of not more than 1 volt with 20 ami)ercs, 
and a distance of 140 feet (i. e., two wires, 110 feet long, 
side by side), we look under 140 and to the right of 20 and 
find the figure 2. No. 2 wire will be recpiired. If it is 
desired to find the wire required for a loss of 2 volts with 
20 amperes and a distance of 140 feet, we may divide the 
distance by the loss in volts and use the table as before; 
i. e., under 70 and to the right of 20 is found 5, No. A is 
the proper wire. Or, we may use the distance given and 
divide the current by the number of volts; i. e., under 140 
and to the right of 10 is found 5. The table is suffu'iently 
accurate for all practical purposes. Where very grc'at 
exactness is desired, it is better to cah'ulate th(‘ liiu's. h'^or 
the smaller sizes in this table, the nearest (‘vcm sizes of wire 
are given because the odd sizes are not ordinarily used. 


CALCUI^ATIOX OF WIRES TX TERMS OF ( IRCTJLAR MIES. 

0, In the table of Safe Carrying Capacities (Part 1), the 
wires are listed both by number (B. & S. gauge) and by 
circular mils. Cables having no B. & S. gauge number 
are listed by circular mils only. Large cables of any desired 
cross-section in circular mils are made to order by all the 
leading manufacturers of insulated wires. 

It is often more convenient to calculate the size of wires 
or cables in terms of circular mils than in terms of resist- 
ance per 1,000 feet; and calculations in terms of circular mils 
are applicable to wires or cables of any size or shape. A 
mil is another name for ii^ch. 

A round wire 1 mil in diameter has a cross-section of 
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1 circular mil. A copper wire 1 mil (j inch) in diameter 
and 1 foot long (1 mil -foot) has a resistance of 10.8 ohms; 
or, 1 mil- foot of pure copper has 10.8 ohms resistance at 75° F, 
A wire 2 mils in diameter has a section of 4 circular mils 
(abbreviated 4 C. M.); 3 mils in diameter, 9 circular mils; 
4 mils, IG circular mils; 5 mils, 25 circular mils; x mils, 
x^ circular mils. The circular mils cross-section of any 
round wire is equal to the square of its diameter in mils. 
The circular mils of any conductor of other shape are equal 
to its area in square mils multiplied by 1,273 or divided by 
.7854. For instance, the circular mils of 0000 wire (diam. 
= 4G0 mils) = 4G0^ — 211, GOO circular mils, while a bar of 
copper i inch by \ inch (250 mils by 500 mils) has a section 
of 250 X 500 = 125,000 square mils or 250 X 500 X 1.273 
= 159,125 circular mils. 


7 . If the length in feet of a wire is known and also its 
area in circular mils, the resistance may at once be deter- 
mined by the formula 

R = ( 3 .) 

cir. mils ' 


In this formula, L must be the total length of wire in feet. 
Also, since the droj) e in a circuit is equal to the current C 
X resistance 7^, we have 


Drop e — 


C X Lx 10 . 8 ^ 

cir. mils ' 


( 3 .) 


or if the drop is given and we are required to find the size of 
wire to give this drop, we may put formula 3 in the form 


Cir. mils = 


Cx Lx 10.8 

e 


( 4 .) 


In these formulas L is the total length of the circuit, i. e., 
the distance to the lamps and back again. If the distance to 
the lamps, one way, is called Z?, we may put formula 4 in the 
form 


Cir. mils = 


21.6 xCx D 


e 


( 5 .) 
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8 . This last formula will generally be found as useful as 
any that can be given for interior-wiring calculations. It 
will be well to commit it to memory, because one does not 
always have a wiring table at hand when calculations are to 
be made and, besides, calculations have often to be made 
that are beyond the range of the tables. It can be applied to 
any two-wire system or to the three-wire system, as illustrated 
by the following examples: 

Example 1. — By means of formula 5, calculate the size of wire 
necessary to supply 80 lO c p. lamps situated at a distance of 200 feet 
from the center of distribution The allowable drop is to be 8 volts 
Solution. — We have D — 200 and e =. Each 16-candlepower 
lamp will take about ^ ampere , hence, C ~ 40. 


Cir. mils = = 57,600, 


or between No. 2 and No 8 B & S No 2 wire would likely be used. 


Example 2. — Calculate the size of wire necessary to supply 100 lamps 
on a 110-220-volt three-wire system. The distance from the center of 
distribution to the lamps is 250 feet and the drop on each side of the 
system is not to exceed 8 volts The lights are supposed to be 
balanced, 50 lamps on each side 

Solution. — The simplest method of solving tins problem is to treat 
it as if it were a two-wire system and use formula 5. Each pair of 
lamps will take \ ampere; hence, the current in the outside wires, 
when all the lamps are burning, will be =25 amiicres instead of 
= 50 amperes, as it would have been if a two-wir(.‘ system were used 
The allowable drop on each side of the circuit is 8 volts; hence, the 
total drop in the outside wires will be 6 volts. We have, then. 


Cir. mils = 22,500. 


A No. 6 wire will be large enough and also would most likely be 
installed for the neutral. 

The same method may be used for a 220 -440-volt three- 
wire system, except that in estimating the current, allow 
about .3 ampere for each pair of lamps instead of .5 ampere, 
as in the previous case. 

9. Estimation of Current Required by Eamps. — As 
previously mentioned, it is customary in estimating the 
current taken by lamps to allow about \ ampere for each 
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110-volt 16-candlepower lamp, and others according to the 
values given. The most accurate way, however, is to figure 
the current from the total watts supplied and the known 
voltage. For a two-wire system the current is as follows: 


Current — lamps X watts per lamp 

voltage at lamps 


For a balanced three- wire system 


^ number of lamps X watts per lamp 

Current = — ^ . , , 

voltage between outside wires at lamps 


( 6 .) 


O'.) 


These formulas are general and apply to lamps of any 
efficiency. 


CAI^CITIiATIONS FOR AL,TERXATTXG CURRENT. 

4 

10 . For ordinary two- or three- wire work with alterna- 
ting current, calculations may be made in the same way as 
for direct current. When wiring is done in conduit, the two 
wires should be run in the same conduit, otherwise inducti-ve 
effects will greatly reduce the voltage at the lamps. With 
ordinary open wiring, the induced counter E. M. F. is not 
usually large enough to produce any noticeable effects, 
especially when the load consists wholly of lamps. 

11 . Calculation of Lines for Three-Phase Ll^htln^ 
Mains. — If lights only are operated on a balanced thret'- 
phase three-wire system, the following formula may be used 
to determine the cross-section of the lines: 

n- 1 -1 X IV X B , 

Circular mils = ^ (8.) 

where W — total number of watts supplied; 

D ~ distance in feet to distributing center; 

E — voltage at lamps; 
c = drop in volts. 

Example. — Three hundred 16-candlepower 55-watt lamps are to be 
operated on the three-phase system at a distance of 100 feet from the 
source of supply. The E. M. F. between any two lines at the lamps is 
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to be 110 volts, and the drop in the line must not exceed volts: find 
the size of wire required. 

Solution. — IV = 300 x 05, E = 1 10, r = 3, /> ™ 100 ; 


hence. 


Circular mils = 


10,8 X 300 X 5.-) X 100 
110X3 


or about No. 3 B. & S. wire. Ans 


54,0(X), 


In this example the lights will be divick'd ecjually between 
the three phases, i. e., 100 lights on each phase, l^'ormida 8 
may also be used for a four- wire two-phase system, but in 
this case four wires are needed as against three wires in the 
three-phase system. 

The current in each line of the balanced three-j)hase sys- 
tem will be 




JF 

7rxT:73’ 


(».) 


where IV is the total number of watts supj)li('d; i. e., thn*e 
times the watts on one phase 

For a four-wire two-phase systcun, the (.urnuit in (‘ach 
wire will be 

IF 

( 10 .) 


because this is practically (*qui vak*nt to two ordinary single- 
phase systems, each carrying half the load. 


OTIIFU FOKMS OF WJRINC; TAHLFS. 

Before we leave the subjed of wire ( ak ulations, the 
attention of the student is called to the fai t that then^ ari^ 
other methods of arranging wiring tables than that givcui in 
Table I, for it is easy to produce several arrangements of 
the same matter. The table that one is most accustomed 
to use seems the simplest. Tables ('alculated for ini'andes- 
cent lamps, instead of for am[)eres, are usedess for general 
work and should not be used for cak ulating wiring for 
lamps, unless it is known that the efheiemey of the lamps 
on which the table is based is the same as that of the lamps to 
be used. 



DISTANCE IN Feet Producing a Drop of 1 Volt for Given Currents and Given Sizes of Wire. 
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Table II is very convenient because it gives the distance 
exactly corresponding to the required drop. To use it, 
divide the number of amperes transmitted by the number 
of volts drop desired. Find the nearest number to this 
result in the line of amperes; below this find the distance in 
feet most nearly corresponding to the given distance; to the 
left of this, in the column of wire sizes, is given the number 
of the required wire. 

For example, to find the size of wire to transmit 15 am- 
peres 140 feet with 3 volts loss, divide 15 by 3 and find 
the quotient 5 in the line of amperes. In the column 
I)elow, we find the nearest distance 153, and to the left of 
this the size of wire required, No, 8. 

13 . Probably the most convenient of all methods of cal- 
culation, after one is accustomed to using it, is the graphical 
method, in which amperes and distances are laid off at right 
angles to one another, and the wires corresponding to differ- 
ent values of these quantities, for the loss of 1 volt, are rep- 
resented by curved lines. Figs. 2 and 3 are diagrams of this 
kind. Notice that every wire curve is dotted for a short 
distance for currents larger than the maximum allowed by 
the Underwriters’ rulesfor that size of wire. In determining 
the size of wire from these diagrams, do not use the dotted 
portions of the curves. If a point should come near one 
of the dotted sections, use the next larger size of wire. 

To use such a diagram, find the point where the lines rep- 
resenting amperes and given distance intersec't, and take the 
wire indicated by the wire line nearest this point. Unless 
the wire line is very close, take the larger wire of the two 
lines on each side of the intersection point. 

For example, to find the wire required for 7 volts lo.ss 
in a distance of 125 feet, with 21 amperes, we divide 
21 by 7, which gives 3 ; where the line of 3 amperes inter- 
sects the line of 125 feet, we are between the lines repre- 
senting No. 10 and No. 12 wire. The point lies about 
midway between the two curves, and hence we use the 
larger size of wire, No. 10. 
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14 . In calculating the sizes of wires for 52-, 104-, 220-, 
or 250-volt work, or for any intermediate voltage, it must 



be borne in mind that lamps burning on lower voltages than 
110 take more current, and those burning on higher volt- 
ages take less current. An ampere per lamp for 52-volt 
lamps, I ampere per lamp for 104- or 110- volt lamps, and 
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.3 ampere per lamp for 220-volt lamps is a safe basis for cal- 
culations where good lamps are used. Also, it must be 



remembered that “per cent, drop” and “volts drop are 
very different things, as set down in Tal)le III. 

The figures given in the table represent the aetiial drop 
in volts for the line voltage at the top of each column, with 
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the percentaj^es of drop ^iven in the left-hand column. For 
example, a drop of 5 per cent, on a voltage of 150 would 
give 7.5 volts. 
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FlISi: lMU)Ti:(’Tl()X FOR < 'ON J)l (Tons IN MT r/rn*LK. 

1*>. It is fre(]ucntly dcs]ra])lc to run two or more small 
wires in multi[)k*, instead of one large* wire or cable, either 
for convenieiK'c in handling the wires, to obtain a certain 
('arrying c'ajiaedty with the use of less ('opper, to use material 
that happens to be at hand, or for other reasons. When 
two or more wires are run thus and are connee'ted together 
at their ends, sejiarate fuse's must be jilaceel in series with 
each wire, and ne)t one fuse for all the wires in multiple. 

Fig. 4 (e?) and {I?) illustrates the* corree't and the incorrect 
methods of connecting such cables. Multiple conductors 
of this kinel may sometimes be used to ael vantage in over- 
hauling or remode'Iing edd we>rk, where the wires originally 
installed are te>o small, anel in wiring an old linilding by the 
use of molding, where large wires cannot be handled with- 
out defacing the walls. 
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For convenience in coinparinj^ the condiu'tivaties of wires, 
Table IV is given. As an illustration, it is st'cn from the 
table that instead of a single No. 2 wire we might ust* four 
No. C) wires; two No. a; four No. 8; et(\ Of course, noth- 
ing smaller than No. 14 can b(‘ used for interior wiring. 



Fi(. i 


The (‘ondiK'ti vil V is (]ir<.‘('tly ])roj)ort lonal to the total 
eioss-sc('lion of all llu^ (S)n(luctors in multi])l(\ and th(‘ 
total resistance is invc'rsely proportional to th(‘ total (uoss- 
sia'tion. 

J(n Circuits of several wir(‘s in mnltijde are sometimes 
run where a large drot) in voltage is not object ionabl(‘, but 
where a single wire small enough to piodiua^ that drop will 
not carry the current safely. Two or moie small wires will 
safely carry more current than one* large wire of e(|uivalent 
('ross-section, bec'ause two small wirc^s have a gieater sui- 
face area from whi('h the heat can escape than has (me wire 
of twice the cross-se(‘tion For instaiue, suppose it is 
desired to run wires in molding to scauin^ a diof) <>f 4 volts 
with hf) amperes over a distam'e of 100 feet. ( alciilating 
the recpiired size of wire by means ol Table II, we see that 
No. 5 will give the required drop But No. 5 rubber-covered 
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wire will safely carry only 54 amperes, while (>5 amperes 
are to be transmitted. By usin^ two No. s wires, which are 
equivalent in cross-section to one No. 5, we ('an safely carry 
the current with the specified drop. If the current were 
still greater, we could use (me No. S and two No. 10 wires 
with about the same results. However, such arrangements 
to secure a drop are only used in emergencies or under 
special conditions, and are usually only temporary expedi- 
ents. 


17. Calculation of Wires in Multiple. — If a numlxT 
of wires are connected in multiple, 




V+V + V+ ‘-‘tc-, 


where A is the combined resistance of the wires and 
r,, r,, ^ 3 , etc. their separate resistances. 

To apply this formula, suppose that a wireman at a dis- 
tance from a su})ply house has on hand a large amount 
of No. VZ wire, but no larger wire, and that he desirt'S to 
run mains to carry a current of 40 am})eres 150 feet with 
3 volts loss. How many No. wires should be connected 
in multiple to secure this result ? 


Resistance of line : 


volts drop 
amperes 


= .075 ohm. 


The total length of line = 150 X 2 = 300, or .3 thousand 

.075 

feet. The resistance of the line per 1,000 feet — 

= .25 ohm. Now, 1,000 feet of No. 12 wire has a resist- 
ance of about 1.580 ohms. All the wires in multiple are to 
be No. 12; hence, r, = r, = r, = 1.580. 

Let X = the number of No. 12 wires required ; then in the 
formula given above, we have R = .25, and since 

etc. are all equal, + must equal 

Hence, =0.3. Six No. VZ wires in 

,25 l.ooo 

multiple will answer the purpose. 
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Let us take another example In an old building, tvired 
with too much drop, it is desired to reenforce the mains so 
as to rediu'c tluj droj) to 2 volts. A circuit of No. 8 wire 
carrying 20 anijieres a distance of 200 feet is to be reen- 
forced. What size of wire shf)uld be used ? 

Total resistaiK'e of the line should be = .1 ohm. Since 
this line, whose resistance is to be .1 ohm, is 400 feet long 
both ways, thc‘n the resistance per J,000 feet must be 
.1 X VVn" “ 25 ohm The resistanc'c of a No S wirt‘ jier 
1,000 feet = r)27 ohm L(‘t ?\ — 027 and 7', ~ the resistance 
per l,0f)0 feet of the wire required. 


Then we have 
* - 1 ^ 


by substituting in the formula -,1= ^ 1 V 

K r, r: 


1 


1 

■. 7)27 


= 241; hence, r.^ = .115 


A No. 0 wire of which the resistance is .;}04 ohm per 
1,000 feet most nearly meets this requirement. 


WIRING JN DAMl’ IM.ACES. 

18 . \Vh ere wiring is done in damp places, special jire- 
('autions must be taken and sjiecial rules observed. The 
following Underwriters’ rules apply to this Avork; 

Wires - 

1)1 da)Jip placcii, such as suj^^^ar houses, 

pachiuo' houses, stah/es, dye houses, papei' o)‘ pulp 
))iills, 0 )' builduiys ispciially liable to uioistui'i, oi’ 
acid, or other Juuies liable to injure the ‘loires or 
their insulation, e,\eept cohere used for pendants : 

a. Must have an approved rubber-insulating 
covering 

b Must be rigidly supported on non-combus- 
tiblc, non-absorptive insulators that se])arate the 
wire at l(‘ast 1 inch from the surface wired over, 
and w ires must be kept apart at least 21 inches for 
voltages up to f)00 and I inches for higher voltages. 

Rigid supporting requires under ()rdinary amditions, 
where, wiring over flat surfaces, supports at least every 
44 feet. If the Avires are liable to be disturbed, the distance 
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between supports should be shortened. In buildings of mill 
construction, mains of No. 8 B. S. wire or over, where not 
liable to be disturbed, may be separated about 4 inches, and 
run from timber to timber, not breaking around, aiul may be 
supported at each timl^er only. 

c. Must have no joints or splice s. 

Sockets. — 

a. In rooms where inflammable gases may exist, 
the incandescent lain]) and socket must lit* enclosed 
in a vapor-tight globe and sujiportcd on a })ipe 
hanger, wired witli approved rublier-covered wire 
soldered directly to the circuit 

b. In damp or wet plat'es or over s])ecial]y 
inflammable stuff, waterproof soi'kcds must be used. 

When water])roof sockets are used, they sliould l)e lumg 
by separate stranded rubber-covered wires, not smaller 
than No. 14 B. & S., which should })re(erably lie twisted 
together whem the droj) is over feet. 1'hese wires should 
be ’soldered direct to the circuit wires, but sii])j)orled inde- 
pendently r)f them. 

19. Fig. shows a waterproof glola' lor use wlu.'re 

inflammable gases may t'xist. In wiring dajii]) t'cllars, it is 
(‘specially desirable to hav(^ tin* lamj)S 
divided among several small (dnaiits, 
so that the blowing of a fus(‘ will not 
put out many lain])S. In siu'h work, 
rosettes should never be usc‘d, but 
the drop wires should be soldered 
direct to, but preferably not sup- 
ported by, the line wires, and the 
joints should be thoroughly wra})i)ed 
with insulating tape. The cut-outs 
should be placed outside the cellars, in 
a dry place if possible, otherwise they 
should be placed in Avaterproof boxes. 

20. Riibber-C'overed Wire. — In 

all kinds of work% except open work 
in dry places^ rnbber-covercd loire must 
be used. The Underwriters require 
it to comply with the following speci 
fications : 
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llul)lK‘r-(?ov<»rocl Wire. — 

a, C^)ppcr for ('(nKhirtors must be thoroughly 
liniK'd. 


Imulation for voltages betzveen 0 and GOO: 

h. Must 1)0 of rubber or other approved sub- 
st.UH (‘ aiul be of a thickness not less than that given 
in the following table for B. & S. gauge sizes: 


1(), inclusive, 
8, inclusive, 
2, inclusive, 
0000, inclusive, 
500,000, (' M. 
hYoin 500,000 to 1,000,000, ('. M 
I^arger than 1,000,000, C. ^I. 


From 
From 
F rom 
¥ rom 
]"rom 


IS to 
14 to 
7 to 
1 to 
0000 to 


]VI('asinem(‘nts of insulating wall are to Ixi made 
at the thinnest p(»rtion 

'rile ('omplet(‘(l coverings must show an insu- 
lation resist. ime of at l(‘ast loo m(‘gohms (100,000,- 
000 ohms) per mile during 80 days’ immersion in 
water .'it 70'’ ¥. 

d. IC.'K'h fool of the completed ('overing must 
show a di<*lectiic strength sufi'u'ient to resist 
throughout 5 minut(‘S the application of an electro- 
motiv(‘ foiaa* of 8,000 volts [)er inch thit'kness of 
msul.'ition under the following conditions; 

'Phe souiae of alt<*rnating ekx'tromotive force 
shall be a tr.insfonner of at least 1 kilo\vatt eapac- 
ity. The a})])lication of the electromotive force 
shall liist be* made* at 4,000 volts for 5 minutes and 
them the voltage inc'ie.ised by st(*ps of not over 
8,000 \olts, eac‘h hedd for 5 niinutc's, until the rup- 
ture of the insulation ocemrs. The tests for dielec'- 
tric strength shall be made* on a sample of wdre that 
has been immersed for 72 hours in water, 1 f(K)t of 
which is siibmc‘rged in aeonducting liquid held in a 
metal tiough, one of the transformer terminals 
being c'onnectc'd to the copper of the tvire and the 
other to I lie metal of the trough. 

Tests by tlu* F'nderwriters arc made on the products of 
the* various manufacturers from time tc^ time, and the names 
ot tlu>se w’ires that are acceptable, as complying with this 
standard, can be learned from them. 
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CONCEALED KNOH-AN l)-TrilE WORK. 

2U The most common way of concealinjif wires in a 
building is to run them through the joists between the 
floors and ceilings and 
through studding par- 
titions, and to insulate 
them by means of pcjr- 
celain knobs and tubes, 
as sin)wn in Fig. (I 
The holes should not 
be closer together than 
IS allowed by the Un- 
derwriters’ rules, as 
given below, and the 
tubes should fit tight- 
ly in the holes. When 
the holes are not hori- 
zontal, but are bored 

’ I'Ur. <1 

from above or below 

oblKjnely, th<‘ tubes should be put in with th(*ir heads on the 
high side, so that they cannot fall or sli(h‘ out ; and when 
tubes are jilaced so that then* is any strain ujxni them, their 
heads must b<i so ])laced tlnit the tubes (anm>t slip. Holes 
should b(i boied of such a size that the tub(*s can be insert(*d 
by driving lightly. not makt* tlu* holes too small (>r 

there will ]>e danger of breaking the tulx's. Jloh^s must be 
bored sufficiently far away from the floors ami eeilmgs to lx* 
out of reach of nails that may be driven into the joists after 
the work is ('oncealed. Hushings must be long enough to 
reach all the way through the joists, with i-inch proj(‘( tion. 

22. Where wires come through the plastt r to outh'ts or 
cut-outs, they must be jirotected by jiroper bushings or (>ut- 
let blocks. Special porcelain fittings have f)e(*n de'>igned 
for this purpose by .several manufacturers. Caredess work 
is often done at outlets, with the result that a job that is 
otherwise well put up will show’ poor insulation. 1 he same 
outlets are vpry often used both for gas and electricity, and 
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ceilings, see that there is no danger <)f their coming in con- 
tact with gas pipes or jdaster. 

For running wires parallel to joists, knobs are 
generally used because they makt‘ it possible to k(M*p the 
wires well separated. The following rules apply to this kin<l 
of work: 

Wires — 

lu)r (onccalcd knoh-and-iubc'' unyrk : 

a. Must have an approved niiiber-insnlating 
covering. 

Ik Must be rigidly supported on non-conibus- 
tiblc, non-absorjitive insulators tliat s(‘|)arat(* the 
wire at least 1 inch from the surfacH* wir(‘(l over, 
and must be kept at l(‘ast 10 inches ajiart, and, 
when ])ossible, shoidd be run singly on s(‘parate 
timb(‘rs or st lidding. 

c. Must be separated troin ( ontact u ith th<‘ walls, 
floor timbers, and partitions through uhnli they 
may ])ass b}’ non-('ombustible, non-absorpt i\ e insu- 
lating tubes, such as glass or ]>on (‘lain 

k ifi* i<l iiii;; 1 • f|uii es \in(l< ( uni n.ii V ' on-lit In jt w ii mvtf 

.ilolK 11 it sU( I.K « s siippoMs 1 1 li IS* » > « I \ P l« ♦ h M < s\ ii < s .tit 
1 .ihic to Iji* (list in hi <1, tl » » bi 0\ < * M siipj.oin m.o.i li p. shojl- 

oiu*«l 

Wben, fidin the n.iluit of tlu < .is« u i, inijio^sihlt* to 

e eotu iMlod ^\lTlngon non-* oinhii a ihic ‘-iippoi is ol pj.iss 

or portclaJii, an appioNtd aiinored < ahl» witli ‘■mult **1 twin 
< ondiK tors ma\ l>e used w In h* tin djlhnint* of pntoniMl 
h(*t\vt‘t*n eondintors is not o\« i anii \t»lts, pro\td(d if is 
iiislallod wit hoiil p nnts In l w M n out h ts and 1 1n* i .ihit ainioi 
propnrl) cntt'Ps all httings.nni is iignlU siiiind in plat < 
or il itu’ ditlereneo of pttonlial httwitri viims is not ovt i 
aiMl \ lilts, and it lln wiu-suo not < xpost <1 to nnustnrt , tin s 
ni.iv hn tislicd on tho hiop syst< in il -iproaltlv tin a ad 
througlmut in fit*\ihl<* oi appu)\ <‘d < 'Uidnil 

d C'ondinl, ev< n when used in ttiinnition with 
('t>n(ea]<d knob, lube, and (ondnit \soik, imisi be 
continuous from outlet to oulht, tind (oiujd) with 
rules ('overing interior (’onduits 

c. Must at outlets fur <*onibination fixtures (i e , 
fixtures for both gas and eleetru light) be bushed 
with flexible insulating tubes exleiiding in ('on- 
tiniious lengths from tlie last porcelain su[)port Ut 
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1 inch beyond the outlet, except that an approved 
outlet insulator may be used. At outlets where 
there are no ^as pipes, either this class of construc- 
tion or ])or('elain tubes may be used. 

An armored cable will rarely be required in connection 
with concealed knob-and-tiibe work in a new buildinjr^ where 
everything is accessible; but in an old buildinij^, where there 



Fl(.. ft. 

are objtHlions tf) tearing up floors to insert wires, it may be 
used to c onsidcrabh* advantage'. Fig. 9 shows such an 
armored twin (onductor suitable for this j)urp<)se, which 
means that it comj)]i(\s with the fol)f)wing si>ecifications: 

ArinorcMl Fahlo. — 

a. The armor of such cables must be at least 
e(jual in thickness and of equal strength to resist 
penetration by nails, etc. as the armor of metal 
coverings of metal conduits. 

/>. Thv conductors in same, single wire or twin 
conductors, must have a rubber-insulating cover- 
ing; any filler use'd to secure a round exterior must 
be impregnated with a moisture repellent, and the 
whole bunc'h of conductors and fillers must have 
a separate exterior covering 

Such cables may be used to wire buildings without any 
(lorcelain tubes whatever, as the insulation reepured is very 
high; but the system requires special fittings and tools for 
installing it and has not yet come into very extensive use, 
probably on account of its expense. 

24*. The protected flexible cord, of the same style, is a 
very convenient article to use in wiring offices, banks, etc., 
wdiere small conductors must be carried behind desks or 
fastened to iron or cabinetw’ork, and in many other places 
where ordinary cords will not do and will not be permitted. 
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35. The calculations for concealed wiring are the same 
as for open w^ork; but it must be remembered tliat rubber- 
covered wires are not to be allowed to carry as much current 
as w*eather-proof wires, as shown by the Underwriters’ 
Table of Carrying Capacities. 

36. Use of C'ablnets and Panel lloanis. -h'or com eakHl 
work, the closet, or cabinet, system ot distrd)ution is now 
universally used. In this method of wiring, i he mains ai(‘ 
run to cabinets or panel boards .st‘t in the wall, and from 
these the lines running to the lamjis are distributed. Many 
different styles of these panel boards art* manufactured, and 
the style used will depend largely on the size and alhuvabh* 
cost of the installation. For the elu'aptu* (iass of work, the 
cut-outs may be grouped togt'ther and j)la(a‘(l in a Cidiitui 
formed in the wall. This cabinet should be lUMtly lined 
with ^-inch aslx'stos; and where the wir(‘s pass into and 
out of the sides or bottom, th«‘y should la* l)ush(*d with 
porcelain tubes. A neat glass or asb(*slos-lin(‘d dotu* should 
be provided. A caliinet made in this way is inexpt'iisive 
and safe and nie(‘ts the requirements of the Cnderwrit(‘rs. 
In more expensive in- 
stallations, the panel 
boards are made of 
slate or marble and 
the sides and botUuns 
of the boxes are also 
of slate or marble. 

Fig. 10 will give an 
idea as to the essential 
parts of a panel board. 

In this case the two 
wires are run in a 
conduit. The box is 
mounted in the wall 
and consists of two 
compartments, the 
inner compartment 
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containing the panel board, and the outer one, or gutter^ 
as it is sometimes called. All boxes are not provided with 
this gutter, but the best ones are, as it gives a convenient 
space in which to arrange the wires in case they should not 
come to the box in the best order for connecting up. The 
box is made of slate or marble slabs. The trim around the 
door covers the gutter; it should be put up with screws so 
that it may be removed if necessary. 



PlO. 11. 


The mains usually pass through the panels vertically and 
are connected to bars from which the various lamp circuits 
branch out sidewise. Fuses are inserted in each side of each 
circuit, and switches are in some cases also provided; 
though frequently the panel board carries fuses only. 

Fig. II shows a panel board equipped with double-pole 
switches .y and enclosed fuses f. Ten branch circuits are 
accommodated and the three-wire vertical mains are attached 
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to the copper bars b, b\ the mains enter at the bottom 
and pass out at the top to the floor above. 

iJ?. Instead of buildinj:^ a wooden Vx)x in llie wall to take 
the slate or marble pieces that go to make up the cabinet, 
iron or steel boxes are now used in much of the* better class 
of work. Fig. 12 shows a cabinet of this kind ready to be 
set into the wall and connected up. It is made of a sheet- 
steel box a, whose sides and top are lined inside with J-inch 


Pig. 12. 

slate slabs b. The panel board r constitutes the liack of 
the box. In the figure the openings for the liranch 
circuits are arranged to take ermduits, but tlie .same 
style of box can lie provided with jiorcelain liushiiigs for 
wiring done on porcelain. If it is necessary to have a 
distributing space, or gutter, around the cabinet, it is covered 
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by the trim e projecting around the box. The two-wire 
vertical mains are connected to terminals g and, through 
the main fuses, to the bars f. Each branch circuit is 
provided with fuse terminals and a knife switch h. 

Fig. 13 {a) shows a style of panel board that uses a special 
kind of fuse holder that serves the purpose of a switch when 
it is desired to disconnect any circuit. Panel boards using 
combination fuse holders have been adopted quite largely, 



Pig. 13. 

for they have one advantage in that the holder may be 
entirely removed from the board when the fuse is being 
replaced, or another reserve holder may be put in instead of 
the one removed. Fig. 13 (/^) shows one of these holders. 
It is held in place by the clips b' that receive the 
blades a\ Fig. 14 shows a plain two-wire board for four 
branch circuits; it is equipped with Edison fuse plugs and 
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has no switches. The above will give a general idea as to 
the construction of these boards. They are made in all 
sorts of combinations and, in fact, are usually made to 
order for any given job. In large wiring systems, the 



design of the cut-out closets, or cabinets, is a matter of 
great importance, and the location of these closets isecjually 
important; they should be placed in a position where they 
can be readily reached. 

38, The following Underwriters’ rules relate to cut-out 
cabinets : 

Out-Out Cabinets — 

Must be so constructed and cut-outs so arranged 
as to obviate any danger of the melted fuse metal 
coming in contact with any substance that might 
be ignited thereby. 

The following specifications should be followed: 

Material. — 

a. Boxes may be of marble, slate, or wood. If 
wood is used, the inside of the box must lx* lined 
with non-combustible material, such as slate or 
asbestos board. If asbestos board is used, it must 
be at least I inch in thickness, must be neatly jmt 
on, and firmly secured in place by shellac and taeks. 

Door. — 

d. The door must close against a rabbet, so as 
to be perfectly dust-tight. vStrong hinges and a 
strong hook or catch are required. Glass doors 

j . 
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must be j^Iazed with heavy plate j.;lass, not less than 
iiK'h in lhi('kness and panes not to exceed 1 foot 
in width. A spate of several inches should be 
allowcid l>(‘twe(‘n the fiist^s and the door, especially 
when j^lass is used. This is nt^eessary tf) prevent 
erat'kin^ or breaking by the severe blow and intense 
heal that may be produced under some conditions. 

i. Bushings through width wires enter must 
tijj^htly fit th(* holes in the box and must be of 
approv(‘d ( onstruetion 

Wires should tightly lit the bushinjj^s, tape bein^ 
used to build up the wire, if necessary, so as to 
keep out the dust. 


\VnnN(i A DWEI.EINC; IIOITSK 

2JK In hiyinj 4 ‘ out the wirinj.!^ for a dwellinj^ house, the 
first thinj 4 to do is to seletd a pla<‘e to locate the cnit-oiit 
(‘abinets. Jn many dwelling houses, only one (‘ut-out (Mbi- 
n(*t may 1)(‘ net‘(‘ssary, but in houst‘s designiul to l)t‘ occu- 
pi(‘(l by more th.in one tenant, a cut-out cabinet should b<‘ 
instidled i(»r eai h t(‘nant In hirge houses, it is often (on- 
venumt to have* a (uit-out (abinel on eai h floor, with \erlual 
mams lunnmg through them from tli(‘ tt.p t.) tht“ bottom of 
the house It only one distributing jfoint is u^ed, it should 
be ('Uher in the ('elhir or .ittu* and risms run to the clifTei'cnt 
floors. It It IS known that tlie wiri'sau' to enter the build- 
ing in the lellar, them the distributing (enter should be 
locat(‘d theie; it the v ires enter m the* attu', tlu‘ distributing 
point should lx* hx'ated tlu'i'e I'his tissiimes that \erti- 
cal risersMre run from the distributing center to fcxxl the 
various floors. In I'ase a single* jiair «)f \erlical mams is 
useel with the e'iremits braiiediing ofT on e*ae h floor, the mains 
may be run from the top to the bottomed the house and the 
current supplied fiom e'lther end. 

No matte*!* what arrangement is adojited tor dis- 
tributing the cMrrent, the distributing centers, or cut-out 
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cabinets, should be in or near a partition that is located so as 
t(» make the running of risers easy. Tlu‘y shotild also be as 
near the center of the building un possihK* and on an inside 
wall, so as to guard against dampness. 

Figs. IT) and !<> show two floors of a typiiMl dwt‘II 
ing The distributing jioints art* lotMttal in tlu* halluay 
near the center of tlie house It is usuallv advis,d)lt‘ to 
locate the cut-outs in a ludlway, if possible, bet'aiise siu h 
location is generally < ent ral and oasv to get tit \ tirions 

hrani'h cireuits on llu* jdans are indittited hy single lines, 
although eat‘h lint* repit‘s<*nts two wnes 'riu* wiring is 
supjiosed to lx* done on the ordnuiry totuealed knoh-and- 
tube system. 'Die circuits are aritingtMl so tlitit thcrewill lx* 
not more than in lights on .in\ tme tin nit. Switthes ,iie 
placed on tht* sidt* w tills as shown at >. 'Pht* swiit h foi t<>n- 
trolling the hall lights should lx* ]>lat ed .it soint* <onvt‘nienl 
pt>int nt‘ar the door, so th.it tlu* lights ina\ be liirnetl on 
w*ht‘n ent(‘nng tile building. It is soinet imt‘s t on venient l«» 
hav(* an()thi‘r sw'itt'li at Iht* ht*ad t)t' tin* stairs lor eontrollnu; 
the hall light, so that the light may lx t unit'd t)n t)r<*ft lioiu 
either abovt* or below . 'Phis i etjuii es i he useof ihitt point 
switclu's, and tht* connt*etions net essat y will be exjiianud 
lat<‘r In the i)ltins, doubh -pole switthes an* indit.itt'd 
Single-pole sw iti lies in.iy, ]iowt*vei, bt iistxl winn mn o\er 
htJO watts are (ontrolletl Pht‘y are ihe.iper to install tli.in 
the d()uble-})t>l(* switt ht s 

LayliiK Out In laying out the varitMis 

branch eireuits, the first thing lt» do is tt> locate the lights tin 
the plan and th<‘n group t best lights f<»r tlu difler<‘nt t ir- 
euits, so that then* will imt lx* more than H tip I*i lights on 
each tme. After this is dtme, iht* lines m.iy he marked; in 
doing this, due rt'gard slmuhl he givt u !<» the tlirettitin in 
whic'h the jonis run, so that the wire may lx* jiul in with as 
little boring and <*uttmg as ptissibh*. Run p.iralle] 1<» tlie 
b<‘ams w'herevt'f it < an lx* done, even it it <lo< s lakt* a little 
more "wire. The best tunc to wire tlie building is after the 




Fig. 15. 


are provided, all terininatiiig in the cut-out cabinet in the 
hall, where they are attached to the vertical mains. For 








§27 INTERIOR WIRING. 33 

the second floor, Fig. 10, three circuits are sufficient. 
No. 14 wire is used for all these circuits. It will l)e found 
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that No. U wire (the smallest that the Underwriters allow) 
is large enough for any of the branch circuits met with in 
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ordinary honso-wirin|r work. The number of lights per cir- 
( nit is small and the distances short, so that No. 14 will 
('arry tin* curnuit with but a small drop in voltage. This 
assumes that from 100 to llo volts pressure is to be used. 
If rrl volts is the ])n‘ssure of the supply, it is best to figure 
out th(‘drop forea(‘h circuit. In most cases, it will be found 
advisable to use No. 12 wire. On new work 52 volts is sel- 
dom used, aTid in fact in work alrc^ady installed, electric - 
light ('ompanies are c'hanging the lamps over to 104 or 
ilO volts. In nc‘arly all c asc‘s, therefore. No. 14 wire (rub- 
ber-covcTcd for this kind of work) is sufliciently large for the 
branc'h circuits. 

'rile JMuiiis. — If vertic'al mains ar<‘ used, the cur- 
rcuit th.it they will c'arry wall Ih‘ less at one end than at the 
(»tlier, bc‘<Muse c'urnmt is taken ofT at lhc‘ different floors. 
It is usually advisable-, howc^ver, to makc‘ the mains the 
sam(‘ size* .all through .in ordinary house, bec-ause it costs 
but little more* and enables the c'urrent to be sup])lied 
from either end. Of course*, m large buildings it 'would 
not pay to do this. In large* buildings it is c'ustomary to 
have a numbe*r of risers fet*ding different sections of the 
building, all of which run to a c'ommcjn distrihuting point, 
usually loc'ateel in the base‘m<‘nt. ^Phe mains must, of 
c'ciurse*, be designed to e-arry the ('urrent in ae'cordane'e 
WMth the* Unelt*rw rite*rs’ re(|uiienK-nts or to limit the droj) 
to the allowable amount if the wire re*ejuin*el by the rnder- 
wuite*rs will give too much drop In the house* under con- 
sideration, suppose we ha\e a total of <;o lamps. The 
e'liircnt in the* mains will then be :J0 ampen*s, and wc wall 
need at least a No. 8 wire to satisfy the rnde-rwriters* 
ree]uirements. 

By re-ferring to Table II, it is found that No. s wire will 
carry 50 amperes a distani'c of 25.5 feet w ith a drop of 1 volt, 
hor a building of this kind, the* drop from the point w’here* 
the current enters the building to the lamps should not 
exceed 2 to 2.5 volts The* drop in the branch circuits will 
be very small, but it would be advisable to put in No. 6 
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mains, as the difference in hrst cost will 1)(‘ but little. It is 
the usual practice to make the mains of liberal ( loss-section. 
For a house of this size No. 4 would ottim bt‘ used, .illhou^h 
It does not need to be as lari^e as this so lar as di<j)) is 
concerned. 


34« Main Swlteli, tiiui — At a con- 

venient point near the pku'(‘ that tlu' win's ent(T the build- 
inj^» amain <'Ut-out and switch must bt‘ plac(‘d,as re<juiied by 
the Underwrit(‘rs. Idu' ('ut-out should be plaiasl ne.irest 
the point of entr\ , the switch nevt to it. and the nu'ter last 
Never permit th(‘ nieti’r ti> be installed between iht* swntt'h 
and the cut-out, as in that (Mse it may it'ijistt*!' a small 
amount each day, even if th(‘ sw'iteh b(‘ opim It is best to 
use a knife-blade switch at the i'Utrama' lo the building, and 
this swdtch slnnild be so placed that wlnni o])eiu*d it wall not 
tend to fall closed of its own accord. 
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The best arrangem<*nt of the wir<*s for the nx'ter will 
depend to some extent on tin* type of meter used. In a 
},>reat manv cases, however, tin* wires ( ntt‘i the hft-hand 
side of the in<*t(*r and j)ass out at tin* rij^ht I*i^ 1/ repre- 
sents a typical arranjrenn'Ut of main fuses, switch, and 
meter. 

Most rec'ordm).^ (*l<*<'t rn* meters eemsist of a small <*le<‘lrie 
motor, the rev<dvin^4 j>aii of whn'h turns on jewa*le(l bear- 
inj^s and is t'onnected to a I lain of ^(ars and dials. I In* 
motor is governed by* inc'ans of n*tardm}^ d<*vi< t*s, so 
that it runs at a speed ai mirately proportional to the load. 
Some meters read in ampere-hours, others m watt-hours. 
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Most of those now installed read in watt-hours and are pro- 
vided with two coils, one of which Is connected in series with 
the circuit, like an ammeter, and the other across the circuit, 
like a voltmeter. The current in the first is, therefore, 
equal to the <nirrent supplied, and the current in the second 
is i)r(»p<jrtional to the voltage. The force tending to drive 
the motor is proportional to the product of the two, i. e., to 
the watts. The small third wire running into the meter, 
hhg. 17, is to supply current to the potential coil. With 
ampere-hour meters, a scries coil only is used, and the 
s])ccd of the meter is proportional to the current and not to 
the watts. 

The voltage of a lighting system is, however, practically 
('onstant, so that the watt-hours may be obtained by multi- 
]>lying the ampere-hours by the voltage without serious 
error. Reliable meters are made for all voltages and sys- 
tems and for alternating or direct currents. They are 
ac ('urate to within U<S per eent. on ordinary loads, but are 
liable t(» be out as much as 5 per cent, on small loads, and 
most met(*rs will take a ('crtain very small load without 
turning at all. However, they are seldom operated under 
such conditions. 

iW. In new buildings, it is often not known wdiat system 
of electric ligliting will be used when the wiring is finished. 
Owners also desire (juitc frequently to be able to avail 
themstdves of any advantage in price that may be brought 
about by competition between difi'erent systems. It is, 
theretorc, desirable that cMch new house shall be wirctl in 
such a manner that hglit may be secured from any svsteni 
in use - -that is, fiom ,V^-, llo-, or ’■-J^h-volt two- or three-wdre 
systems. The folk>wing typical specifications cover all the 
main points necessary for such a piece of work in an ordi- 
nary dwelling house. 

Other details, such as tlie location of additional switches, 
the use of particular kinds of cut-outs, etc., may be added 
to these specifications if desired. The specifications cover 
only the conceale<l work. 
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Specifications for Concealed Electric-Light Wiring. 

Ft)r 52-, 110-, or 220-volt systems 


Distribution 

Closet 


A distribution i lost‘t is to hr Itx'alcd on some 
inside wall, in a reatlily at (‘i‘ssil)](* plat e, on tin* 
second floor or the altii', as near the (‘enter of 
the binldinj^ as possibh*. 

The closet must be lined with aslK‘stos I inch 
thick and fitt<*d with a door (‘ov(*red on the 
inside with asbestt»s I inch thiek. 


Circuits. 


From this closta sejiarate ('ircuits must be 
run tt) the outh'ts in siu h a mann(‘r that not 
more than ei^ht 1<J eandh'povvt r mt andesetmt 
lamps shall Ix' pla(‘(‘(l tm any ('ireinl Wher- 
ever the number of lamps is not marked on th<‘ 
plans or otherwise spix’ificd as j^reater than 
here retpiired, ])endanls slnill bt* t onsith^rixl as 
intended to t'arry four lamps eat h and brat'kets 
one lainj) eat'h. 


Fuse Blocks 


AH fuse blot'ks must be plated iu tin* distri- 
bution closet. They must be made ot |M)reelain, 
must have a breaking disianc t* ot 1 J inches, and 
must be oaptible of standing the an' caused by 
the breaking of a Ib-anijure fuse on a 220-volt 
sht)rt eireuit \Mthout (lacking th<* porcelain. 
Bt)th sides of all lines must be fused. 


Wires All ('ireuits runnintT distribution 

center must be of No 1 1 I*! S , or larj^er,^ 
rubber-<'()vered (‘opp(*r wirt* of a make a<'eej>ted 
by the National Board of Fire rnd(Twriters. 

Mams ' From the distribution c h»set to the attic, and 

I also to the basement, a pair of mains must Ikj 
' run, th(‘ size of ^\hl('h will d(‘j><*nd on the total 
j number of lij^bts in the house, as follows: 
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Extra Wire. j 


Manner of 
l''astenin>r 
Wires. I 


.Sp<iee 
Hot ween 
Wn es. 


Outlets. 


Runnintr 
Along: BricV 
or Stone 
Walls. 


17 lainjis, or les.s, . No. 12 or larj^cr. 
18 to 21 lamps, or less, . No. 10 or larger. 
2r> to ‘Ml lamj)s, or less, . No. 8 or larger. 

'J4 to 40 lamps, or less, . No. 0 or larger. 
47 to 05 ]am])s, or less, . No. 4 or larger. 

If the house contains more than 05 lamps, it 
is advisable^ tohav(‘ more, than one (hstribiition 
('enter and pair of mains. 

A third wire, two siz(‘s smaller than these 
mains, must also be run from the attic to the 
bas(iment, through the distribution closet, to 
make possible the use of tint thr(‘e-wire system. 

Wires running paralhd to joists must be 
fastened on poreelain knobs, jilac'cd on different 
tiinlxu's, and kept as far apart as i>(>ssible In 
passing through joists, floors, and oth(‘r wood- 
work, th(' holes must b<‘ buslu'd with porcelain 
tubes, whi('h must extend at h‘ast I inch through 
th(‘ wood and be so arranged that their weight 
will t(‘nd to k(‘ej) them in place rather than to 
<'aus<‘ th<‘m to slip out. 

All win'S must be ke{)t at least 2\ iiu'hesaway 
from om* another, from gas or vvati'i* pipes, iron 
bt'ams, bell, or annunc'iator win's, speaking 
tub(‘s, furnae'e pipt's, and otluT condiu'ting 
materials, t'xeept at tin* distribution c'losot and 
fixture outlets. Where' a w in* must e'ross any 
such conducting win*, pipe, or matc'rial with 
less (dcaranct', it must have its insulation reen- 
forced by a })or('<dain tube. 

Porcelain tulies (or outlet blocks) must be 
used at outlets. Special care must be taken to 
insulate from the gas pipe at outlets. 

Brick and stone walls must be avoided wher- 
ever possible. Wherever wires pass along them, 
they must be encased in approved conduit. 
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Main-Line 
Cut out and 
Fuse. 


Inspection, 

('ertdicate, 

.ind 

I'aynicnt. 


There must be supplied and installed by tin* 
contraetor a main-line eiit-oul and a tpiick- 
break swileb, both double jinle, to be loeated in 
the attic at the end of the feeder lines. These 
devices must be approved by the Un<h‘i w rilers 
as capable of breaking; tlie current ior the total 
number of lamps wired, at tulher or volts. 
Knife switches, if used, must be so connected 
that they open downwards and the blades must 
be “ dead ” uhen the switi h is optui. 

The contractor must not it y the Und<‘r- 
wnters* Association of the proj>ress ot his woik 
in tim(>‘ to have a thorouj;h inspe(‘tion made 
(two days before work is ('onceah'd at legist ). 
lie must secure a cii tilicatc* from that Asso- 
ciation statinj^ that the work is siiitid'le bu* use 
on <5*^-, 1 10-, or T20-volt serviei*, two- or thiec 
wire systems, betore any ])ayments shall be 
made to him. 


Hwrn HKH. 

Switches lo('ated at various points on the w'alls of 
rooms are a ^real tonvenicune and should b(‘ inst,dh*d on all 
tirst-class jobs of any maj»:mtiide 'I'he single-pole snap 
switch (for not more than tbW) watts) is tin* simph st and 
c'hcapest. It opens on<* side of tin* c ii < iiit only. Nevt in 
freejuenev ot its use is tiu* double j)oh* snajj sw’it< h loi larv’< r 
'handehers or groups of lights. In addition to tlu*s(*, tin m; 
are a number of sp(*(‘ial uses of switches to allow' lainj>s to 
be controlled from two or more jioints. 

IM. (Control of From Two l*oliiIs.-» Fi^^ IS 

(a) and (/;) shows a swiU hinj* arranjjt«*menl for (ontrollm^^ 
the light or group of lights A from two points J aiul A. 
This scheme is used prineijully m halls wheie it is desircrl 
to control the light from either up or down stairs. 1 1 requires 
tw'o three-point switches .S, .S', which are here shown as 
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simple lever switches. There are a number of different 
makes of switches for this purpose, but the principle of all 
is the same, though the mechanical details may differ. By 
comparing the diagrams with whatever make of switch he 
may have to install, the student should have no difficulty in 
getting the connections correct. By examining the connec- 
tions, the student will readily see that the lamps L may be 
lighted or extinguished from either point. Either method 



of connection or (/;) may be used, and the one that will 
be most convenient in any given case will depend to some 
extent on the general layout of the wiring. 

A modification of this arrangement is shown in Fig. 19 (a) 
and (^). In this case, one of the three-way switches is 
replaced by a three-way soc'ket. By using a three-way 
socket on the fixture in connection with a three-way switch 
on the side wall, a lamp may be turned on or off either at 
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the socket or at the switch. Roth schemes of connection (i.) 
and {d) accomplish the same result, and {‘k' one that is most 
convenient in any case 
will depend consider- 
ably on the location of 
the supply mains. 

38, Control of 
Tdfflits From Tliree 
or More l*oInts. — 

Lights may be con- 
trolled from three sta- 
tions, as indicated in 
Fij^. 20. It is nec'cs- 
sary to use tw() thn'c- 
point switches .I,Cfor 
the end stations and 
a four-point switidi /> 
for the middle station. 

When /> is in the posi- 
tion shown, f)oints J 
and 2 are connected 
toj^ether and and are also conn(‘<'t<‘d toj^etlun*. Wh(*n 
the switt'h is turned, tin* jorimu* ( oniKH'tions are broken and 


/^af/7 



Fl(. W 


points 1 and 2, ^ and 4 connecte*d. Ry tracing out the 
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path of the current, the student will see that the lights may 
be turned on and off from any station independently of the 
I)()sition of the switches at the other stations. By cutting 
in another four-point switch for each additional station in 
the same way as />, this scheme can be extended to any 
number of stations desired, and is often used for stairways 
in flat houses. 

^59. Electrolier Hwltclies. — These switches usually 
have* three or four points and are used in connection with 
electroliers to enable a part or the whole of the lights 
to b(‘ operated as (h'sired. Sometimes they are mounted 
in the c*l(*etroli(*r itself. They are made in a variety of 
foi ms and the ('oniu'ctions n(‘cessary are, as a rule, easily 
unch‘rstood by an t‘\ainination of the switcdi that it is pro- 
posed to use. 

40 , Snap S\vlt<*hcs. — Ordinary snaj) switches are gen- 
erally of a style similar to that shown in Fig. 21. They are 
mounted on iiorcelain bases and the work- 
ing parts are cov’ered by a metal c*ap A 
switch of this kind is comparatively inex- 
jKUisive, but it projet'ts from the wall and 
does not make .is neat a job as a switc h 
arranged so that the 'working }>arts set 
into the wall Moreover, they are always 
more or less liable to damage and take up 
s[)aee. d'he other type is known as a flunli switch. Like 
snap switches, they are made in a largi' variety of styles and 
sizes. 

Fig. 22 gives an idea as to the arrangement of a Hush 
switch. In this case the switch is ojierated by pushing 
the button projecting through the plate. The working 
parts are encased in porcelain and the face plate may be 
given any tinish reejuired to match the other hardware trim- 
mings in the building. One of the terminals is shown at s. 
When one button is jiushed m, lever / makes contac t with c, c', 
thus completing the circuit. Snap switches, Fig. 23, are 
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also made so that they may be mounted flush with the wall. 
When switches are mounted Hush, an iron box slu>ul(l be 
provided in which to place them. I'ig-. 24 shows a switch 



box or frame of the kind referred to, A pieee «>! board 
luivinj^ an opening larg'e en<»ii}j;h to receive* tlie br>x is nailed 
l)etween lh(‘ sLuddinj^. d'iu; i)ox is so mounted that the 
edge iJ will come Hush with the plaster. I he* box is fastened 
in [)osition by screws at />, /'and the switch 
is fastened in tlu^ frame by screws c, 

The use of these frames makes a sulislan- 
tial job and th<! switch is h(*ld securely 
in i)lace. The switches thmnselves are 
not usually installed in the boxes until 
the fixtures are put up. 

In selecting switc'hes, it l>ays to get 
good ones. A great deal of tnmble is caused by cheap, 
flimsy switclK-s, in wliieli the springs are always breaking 
or the parts working loose. A little e.xtra investment iml 
into good switches when the wiring is instalh d will save a 
great deal of annoyance and expense afterwards. 
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FIXTURES. 

41 . The selection of suitable fixtures and the proper 
wiring of them are important matters. The wireman should 
not be satisfied to put up any fixtures that may be furnished. 
He should examine them and test them himself. The fol- 
lowing rules should be followed : 

Fixt II res — 

a. Must, when supported from the gas pipes or 
any grounded m(‘lal work of a building, be insu- 
lated from such piping or metal work by means 
of approved insulating joints placed as closely as 
possible to the ceiling. 

It i.s recommendtid that the gas outlet pipe be protected 
above the insulating joint by a non-tombustible. non-absorp- 
pvc insulating tube having a flange at the lower end where 
it comes in ( ontact w ith the insulating joint , and that where 
outlet tubes are used, thc> be of sullu ient length to extend 
below the insulating joint and that they be so secured that 
they will not be juished back when the canopy is jiut in place 
Where iron ('eilings are used, eare must be taken to see that 
the canopy IS thoioughly and jH-Tmancntlv insulated from 
the ceiling 

h. Must hav(‘ all burrs, or fins, removed before 
the conductors arc drawn into the fixture. 

c. The tcnd(‘ncy to condensation within the pipes 
should be guarded against by scaling the ujiper end 
of the fixture. 

d. No combination fixture in which the con- 
ductors are eonccalcd in a space less than ] inch 
between the inside pipe and the oiitsuh* c.ising will 
be approved. 

e. Must be tested for contacts between conduct- 
ors and fixture, tor short circuits, and for ground 
connections before they are connected t(^ their 
supply conductors, 

/. (.\nling blocks for fixtures should be made of 
insulating material; if not, the wires in jiassing 
through the plate must be surrounded with non- 
combustible, non-ab.sorptive insulating material, 
such as glass or porcelain. 

42. Great care should be taken to see that the sockets 
are good, and also that they are strong enough to bear the 
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weight of shades. Faulty sockets are more likely to cause 
trouble on fixtures than on drop cords, for the socket itself 
is always grounded on the fixture, and if either >mi<* 
becomes grounded on the socket shell, it is in consequeme 
grounded on the fixture. 


ixsi’nxTiNcj jorxTs. 

4vi. The insulating: .foliit is the most important (dec- 
trical fitting used in fixture work. Joints are made for all 
possible combin.ilions 
Fig show’s a vt‘ry 
good style; piece* <t 
sc'rews on t(> tin* gas 
pipe and 0 to the fix- 
ture 'Phe ])arts «ire 
sejiarated by insula- 
ting material and 
the outsuh* of th(‘ joint is ('o\ercd with molded insulation d. 
In (’oniUH’ting fixtures to tlu* wiring, ail wiies should Im* 
kept aw'a\ from the gas j)ip<‘ abo\e the j<*int, but they may 
be bunched in below the insulating )oint after the wnes 
liavt* been splK‘<*d, soldcicd, and ttijxd It isveiy impor- 
tant t<» protect tin* gas pij>e .it this point. 

O Insulating joints shoiiM lx* l(*sied iiefore 
being used ('anopy insulators should be 
instalh*d wh<*rever Iheit* an* metal (ed 
ings against wdiic h t he ( anopies of fi\ti’res 
might (*ome 'Pin* <*aiiop.\ is tin* bras^ 
eii j>-shap«‘d piece used at tin top of fix- 
FK. tun-s to eovei the ioint It is m contact 

with the fixture; heme, it is inip<»rtant that it be* insulated 
from nn'tal c c‘]lings, ca* c*ls< all tin* bein*fits dc-rixcd from an 
insulating joint v\ill be* lost I'lg shows .i c anoj^y insnla 
tor. It is simply an insulating ring plai ed b<.*twe<*n the 
canopy and the ceiling. 
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44 . The student should note the following additional 
rules relating to insulating joints, fixture wire, etc. 

Insulating Joints — 

a. Must be made entirely of material that will 
resist the action of illuminating gases and will not 
give way or soften under the heat of an ordinary 
gas flame or leak under a moderate pressure. They 
shall be so arranged that a deposit of moisture will 
not destroy the insulating effeet and shall have 
an insulating resistance of at least 250,000 ohms 
between the gas-pipe attachments, and be suffi- 
ciently strong to resist the strain they will be liable 
to i)(* subj(‘(‘ied to in being installed. 

Ik Insulating joints having soft rubber in their 
constnu'lion will not be aj)])ioved. 

l'’l\turc‘ \Vlrt‘ - 

a. Must have a solid rubber insulation, with a 
slow -burning, tough, outer (overing, the whole to 
b(‘ in(‘h in thu'kness, and show an insulation 
resistance belwetm condiu'tors and between either 
(‘ondiK'tor «and the ground of at lt*ast 1 mi'gohm 
per mile aft(‘r 1 week’s siibmersKui in ’\\at(‘r at 
'Jo" h''. and aft(‘r minutes’ electrification with 
550 \olts 

Must not be less in size than Xo IS !> S: S. 

r Suj)j)ly conductors, and espe c i.dly the splu'cs 
to fixture wires, must be kept clear ot the groiindc'd 
part ot gas pijies, and uhen* shells are used, the 
latter must be construc ted m a manner affording 
suflicient area to allow this n'qinreinent. 

Must, when fi\turi‘s are ired outside, be so 
secured as not to bt‘ cut or abradc'd ])y the pressure 
of the iastemngs or motion of th<‘ fixture. 

(. I'lider no circumstances shall there be a dif- 
ference of potential of more than flOO volts between 
wire's c’ontained in or attached to the same fixture. 

J>e<*ointl\ vSt'rlos — 

Incandesc cut lamps tun in senes shall not be used 
for decorative purposes inside of buildings exc'ejit 
by S]H*cial permission m writing from the Inspection 
Department having jurisdiction. 
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45. When old fixtuics are to he ^mmhI thev must he 
taken down and sui)plied with uisulalinic i‘'»nts So, kets 
may be attached to such old ^as li\iur(‘s h\ means of sp.ns 
that fasten to the lixlun-s at 
the [i^as burners. Vi^. 'Vt show s 
three different styh‘s of these 
spars. 


E(K ATIOV AXD DISI Itr- 
HTTIOV or LVMI'S. 

4<i. Th(‘ character of the 
lamps to ])e used ami tluir i ^ 

location is a inattcu' ot mmh 

inij)ortanc'e that inusi i)e detmmtmd in * at h t .e>« h\ ih« 
purpose tor wlm'h tin* lamps an* in'>talltt) hoi -n-ni .m<l 
dc(oratl\e work, tins pui|>os(' is s.»l( !\ t,» alHa't a'l^n 
tion or to ])io(lme Oi namentat lou In inttii-a h'-liliM", >1 
is to illuminate other <»h)< t ts < tlh< i < lo * ai himl, a ^ w it li 
desk lamps, or at a soim v\ h.it tot.iOi <li i in*' WImm 
illuiniiiation is the soh k (jiiin im nt, tin' lamps ii iild po t 
(‘t'lililv ln‘ ]»la<ed wlune tin \ <anii«'l he o mi Ian wleo 
they will tlirow their lij^lU upon lie o!»]< < i 1 " .'hmii 
ualed, as on llie st.u;<* ol *i thmitti. In emi'i.! v • ' 1 . 
however, it is not jiossihle to phe ' th< lamp ni tin. man 
ner, hut tlu v sln»nl(l In pla< « d uli<i< ti’*) ah' n-*' !'< 
too c'onsj)i< nous When t In \ mu'-t m a, l-o,,j 
should h(‘ surrounded hy shad< s tliat w.ll dill"* ti* ii'.oa 
and take away th<‘ ukire Idc^stMi pjoix > an a. ist 
ance in many places, hut it i-' )><tt« r t»» hav*' H • lejhi dd- 
fused bv a shade. Shadow’s should he a\'>nl<d a nna li a^ 
possible*. 

47 . Chandt'lier^ are usiialU u in d o’t Pa- -.m n* ral ilhmn 
nation. They shouUl he Inini;. ln'>;'» to po i tl" h* i 
and should nev<*r he* as low as tie l"\'i '*1 the <\* ol a 
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p(*rsoii stand Borders or rows of lights placed on the 
near th(‘ walls ^ive ver}" jjood illumination without 
hurtiii}^ till* (‘y(*s To jret the best illumination with the 
sniidh’st iniml>er of lamps, the walls and ceilings should be 
jinish(*d ill li^ht (‘olors or in white and kept clean. It is 
eheajier to retint ('eilinji^s than to burn many lamj)s. I'his is 
esp(*cially true of stor(‘s, wh<‘r<i much illumination is a neces 
sity. Walls papered in dark ('olors and woodwork of dark, 
rich wood make it almost impossible to brilliantly H^ht a 
room. 


48 . Jt is an e\( e(‘dinj;ly dithcult matter to ^ive any rule 
for del(‘rmimn^ the numlnT of lanijis recjuired to lij^ht a 
room of j^i\(‘n si/e V<‘rymii(h depends on the degree of 
illiimiiuition re(jinred, on the height tit uhieh tlie lamps are 
plac'ed, and the ('olor of the walls and < eilings. JCxperieiK'e 
IS alioul the only ladiable guide The following number of 
lamps for I00s(|uar(‘ f(‘et (I'ableV) will give an approxit^att* 
id(‘a as to th(‘ number of lights najuired to produce: a given 
efTe( t, but these values must not be considered as fixed by 
any means: 


TAIU.B V. 


Number ol KJ-C'andU'powc r 
bamps per 
100 Scpiare Feet 


Illuminating lilTect. 


1 . 25 
1 75 

2.25 
3,00 
4 00 


Dull 

Medium 

Good 

Bright 

Brilliant 


If globes are used, the above elfects will be reduced. 
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EARLY C’OXni^IT SYsTFM'^. 

40. Not many years a}4<», betuit* xhvw wm* uniform lules 
j»f)vcrninjij tlu* insiallatit»n o( win-s in make them sate, it 
was a eommon ])raeliee l<» iisr tm elulne lu^hlin^ wires 
wound with t'olton threa<l saturated with parafVm 'I'lu'se 
w’ires were fast<‘ne<l with wooden cleats uailed :ij*ainsi the 
walls and ceilings. Signal and Ivdl wiri's are still soinelnnes 
t)iit up in Ibih w ay 'riit* In si step in t he due c t mn of improve 
ment was limitinj* the nnmhei of inc andt sc iMit lamps .illowed 
on a jifiven size of win‘. Tlu* iu*\t Wtis t lu* suhst itution of 
‘‘weather-proof" or *• liulerw i it(*is' ” wire bu tlu* |»ai.'irtin- 
eovered “ollieewire " Latc-r i *iine tin poicc l.iinehal, whu h 
was not in j>^cneral use iM'forc* isiei 

50. The nianiu*r of installnii» wiiein eoiu ealed weak has 

undtTjxone a similar e\olutu»n At iiist wins wci(*pu)l(‘d 
through holes in tlu* joists .md installc'd wilhoiit any pro- 
tedion other tlian Iheir iiisulatnu' iovcmm", sometimes 
ev<*n two wires w' ere ]»nlUd thi<»ni»h the* sanu hole, hut this 
was not lonjr toh*r.iled. Prot*ress i aim alonv« two distiiu lly 
different lines; oiu* that of insuhilin;^ tlu* win* i>v the use* 
of knobs and tubes, as ]iie\iousl\ disc Mind, tlu c»llu*i that 
of providinjj a eont muons r.u<*wa), »»i i*»i the 

(‘onduetors. 

51. One of the first c onduit systc ms and nur that c ame 
into very extensive use*, thouj^h it i*' not now iillow«*d b) the 
Underwriters, was that of tlu Interioi ('onduit and Insula- 
ting Company. Thiscondnil was made* c»f pajxT w't»und in 
an ingenious manner, so as to form a lnl>e, and eoaled with 
tar inside and out These tubes were installed as a eon- 
tinuous raceway from outh*t to outlet (>ne«»r two wires, 
as happened t<» be most ec»nvc*nient, w'ere pulh*d into «*a< h 
conduit. 
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These paper tubes were very brittle, and the system was 
improved by covering them with a thin shell of sheet brass. 
Then came the requirement that the conduit should never 
contain more than one wire. At one time, “ brass-covered, 
interior conduit work” was considered the best possible kind 
of construction. 

53. These paper conduits may still be used to advantage 
in special places, especially in running wires up and down 
brick walks, in connection with knob-and-tube work, as an 
additional protecti<m to wires encased in plaster. It is quite 
as good as, and in some respects better than, iron pipe for 
this purpose; and though the Underwriters do not endorse 
it, most inspectors pass it when thus used. It is also 
frequently used in place of molding, where wires are run on 
the surface of walls or in corners, where ordinary molding 
would be awkward. But it is not tolerated as a conduit 
proi)er, because it is not strong enough. Nails can easily 
be driven through it. 

5*{. Another excellent tube that may still be used in 
some places, though not approved as a conduit proper, is 
the flexible Cl re u Jar-Boom tube. This is a woven tube 
treated with insulating material that makes it hold its shape. 
It has no metal covering, but is stronger than the brass- 
covered, interior conduit and more convenient to use. It 
will be permitted under the present rules only in special 
cases, as it is not waterproof or nail-proof. 


APPROVED CONDUIT SYSTEMS. 

64. The conduits now approved by the Underwriters are 
all iron pipes with more or less insulating lining. They are 
divided ill to two classes, and milincd. When unlined 

conduits arc used, an additional braided covering must be 
placed on the wire. Conduits must comply with the following 
specifications : 
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SpeciflLcations for Interior Conduits. — 

a. Each length of conduit, whether insulated or 
uninsulated, must have the maker’s name or initials 
stamped in the metal or attached thereto in a satis- 
factory manner, so that the inspectors can readily 
see the same. 

Metal Conduits with Lining of Insulating Material : 

b. The metal covering or pipe must be equal in 
strength to the ordinary commercial forms of gas 
pipe of the same size, and its thickness must be not 
less than that of standard gas pipe, as shown by the 
following table: 


Si/.e. 

Thickness of Wall. 

Size. 

Thickness of Wal 

Inches. 

Inches. 

Inches. 

Inches 

\ 

.109 

u 

.140 

i 

.111 


.145 

f 

.113 

2 

.154 

1 

.134 




An allowance of TOTT inch for variation in manufac- 
turing and loss of thickness by cleaning will be 
permitted. 

C. Must not be seriously affected externally by 
burning out a wire inside the tube when the iron 
pipe is connected to one side of the circuit. 

d. Must have the insulating lining firmly secured 
to the pipe. 

e. The insulating lining must not crack or breaJc 
when a length of the conduit is uniformly bent at 
temperature of 212° F. to an angle of 90°, with a 
curve having a radius of 15 inches for pipes of 1 inch 
and less and 15 times the diameter of the pipe for 
larger pipes. 

f. The insulating lining must not soften injuri- 
ously at a temperature below 212° F. and must 
leave water in which it is boiled practically neutral 
— that is, neither acid nor alkali. 

g. The insulating lining must be at least inch 
in thickness and the materials of which it is com- 
posed must be of such a nature as will not have a 
deteriorating effect on the insulation of the con- 
ductor, and be sufficiently tough and tenacious to 
withstand the abrasion test of drawing long lengths 
of conductors in and out of same. 

h. The insulating lining must not be mechani- 
cally weak after 3 days’ submersion in water, and 
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when removed from the pipe entire must not absorb 
more than 10 per cent, of its weight of water during 
100 hours of submersion. 

i. All elbows or bends must be so made that the 
conduit or lining of same will not be injured. The 
radius of the curve of the inner edge of any elbow 
not to be less than 3| inches. Must have not more 
than the equivalent of 4 quarter-bends from outlet 
to outlet, the bends at the outlets not being counted. 

Unlined Metal Conduits : 

j. Plain iron or steel pipes of equal thickness and 
strengths specified for lined conduits may be used 
as conduits, provided their interior surfaces are 
smooth and free from burrs; pipe to be galvanized 
or the interior surfaces coated or enameled, to pre- 
vent oxidization, with some substance that will not 
soften, so as to become sticky and prevent wire 
from being withdrawn from the pipe. 

k. All elbows or bends must be so made that the 
conduit will not be injured. The radius of the curve 
of the inner edge of any elbow not to be less than 

inches. Must have not more than the equivalent 
of 4 quarter-bends from outlet to outlet, the bends 
at the outlets not being counted. 

55. Fig. 28 shows a piece of iron-armored, lined con- 
duit ; a is the armor aboixt J inch thick, which is the same 
as ordinary gas pipe; b is the insulating lining, 
not less than inch thick and adhering to the 
outer pipe. Conduit, whether lined or unlined, is 
put up in the same manner as a good job of gas- 
fitting. Great care should be taken at the joints 
to see that the pipe is reamed and that the ends 
come together, so as to form a smooth runway 
(free from burrs) for the wire. Fig. 29 shows an 
elbow. In many places the conduit itself may be 
bent and the use of an elbow with its threaded 
joints avoided. About as good a way as any to 
bend conduit is to get a good, stout piece of spruce 
or hard pine and bore a hole in it a little larger 
than the conduit. The pipe is then passed through 



Fig. 28. 
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the hole and the bend may be easily worked in. For iron- 
conduit wiring, the wireman should be provided with a reg 
ular outfit of pipe fitter’s tools. 


56. As previously mentioned, most conduit wiring is 
now carried out on the single- 
tube system; i. e., both wires 
or a twin wire are run in the 
same conduit. This plan re- 
quires less conduit and labor 
than the double-tube system 
and is in fact the only allow- 
able arrangement when alterna- 
ting currents are used. In the 
case of a large church, sup- 
posedly wired for 52 volts, 2 per 
cent, loss, the contractor ran 
wires in separate pipes, with 
the result that when the cur- 
rent was turned on only 13 volts 
were obtained at the lamps. It 
is cheaper, as well as better, to 
use twin or concentric conduct- 
ors in a single conduit, except 

for very large c'ables which are to carry continuous currents 



57. Use of Outlet and Junction Boxes. — Since in any 
conduit system the primary object is to have the wires 
arranged so that they may be withdrawn, it is necessary, 
whenever a branch is taken off, to provide a junction box 
of some kind, because it is evident that splices cannot be 
made at intervening points without interfering with the 
withdrawal of the wires. Conduit wiring is, therefore, done 
on the so-called loop system. This will be understood by 
referring to Fig. 30 (a) and (^) ; Z, Z, Z, etc. are lamps on 
one circuit that is to be supplied from a panel board or dis- 
tributing center located at A. In {a) the wiring is indi- 
cated as it might be done with the ordinary knob-and-tube 
system, using branches whenever they will reduce the labor 
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and the amount of wire necessary; (d) shows the same 
lamps wired on the loop system, using outlet boxes 6 and 
looping out the twin wire at each lamp. No branches are 
taken off between outle'. boxes, and by disconnecting the 
wires running to the lamps, the main wires may be withdrawn. 

The loop system using iron conduits is, of course, very 
much more expensive than the knob-and-tube system. It 
is, however, much more permanent in character and is the 


Cufout 

Cabinet 




& 





only style now used in the best class of buildings. It 
is used altogether in modern fireproof buildings. The best 
method of running the conduit, so as to save bends and 
make the conduit as short as possible, must be left to the 
judgment of the wireman. In laying out such wiring, he 
must remember that the two wires are run together and 
that he cannot make short cuts with single wires as in 
knob-and-tube work. 
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58. Conduits less than | inch inside diameter are not 
allowable and an outlet box should be provided at every 
outlet. When branch lines are taken off, a junction box 
must be provided. There should not be more than the 
equivalent of four right-angled bends between junction 
boxes or there will be difficulty in pulling through the wire. 
Junction boxes and outlet boxes are manufactured in a 
large variety of forms to accommodate conduits coming into 
them from different directions. Fig. 31 {a) shows a round 



junction box. These boxes should be mounted firmly in the 
wall and be placed so that the surface will come flush with 
the plastering. The split nuts a hold the conduit in 
place. Fig. 31 {b) shows an outlet i)late. The conduit is 
clamped in openings a and the gas pipe is clamped in b. 
Very convenient junction and outlet boxes are now made of 
stamped steel and are arranged so that one or more open' 
ings may be made in the side by taking out a small disk. 
Fig. 32 shows a box of this kind. The conduit enters the 
box and, projecting through it 
about \ inch, is held in place by 
an insulation cap a that screws 
over the end on the inner side. 

A check nut b screws up against 
the outside of the box. Fig. 33 
shows these fittings more in detail. 

Boxes of this type may be suited 
to different locations by simply 



Fig. 82. 
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knocking out or removing the disks whenever openings are 
needed. This avoids the necessity of carrying a large 



P'lG. 33. 


number of cliffeient boxes in stock. Outlet boxes may be 
obtained that are provided with special covers to accommo- 
date almost any make of flush switch. 


59 , hig. 34 shows a flush switch {with face plate 
removed) mounted in a switch box suitable for use with 

iron -armored conduit. 
Outlet boxes are also 
made for use with com- 
bination fixtures; they 
are provided with open- 
ings i(-r the gas j)ipe to 
pass through. 

\^hen a change in 
the size of wire is made 
in a junction box, it 
is necessary to protect 
the branch circuits by 
a cut-out. Special cut- 
outs are made suitable 
for mounting in junc- 
tion boxes. Fig. 35 
shows a cut-out suitable 
for a square box like 
that shown in Fig. 32. 



Fig. ai. 


Outlet boxes and cut-outs are also made for places where 
both gas and electricity are used. 




§37 


INTERIOR WIRING. 


57 


60. Fig. 3G (^^) and (d) shows the method of mounting' 
an outlet box in a, fireproof ceiling. By crossing the ells 



Fig. a's. 

as shown at (/;), the fireproof brickwork does not need to be 
cut as much as when they are not crossed, as in {a). The 
face of the box should 
come flush Avith the 
plastering. Cement 
or plaster of Paris 
may be run in around 
the box and elbows 
to hold them securely 
in place. In work of 
this kind the conduit 
is usually run on the 
upper surface of the 
fireproof floor as in- 
dicated ; the strips 
on which the wood 
floor is laid usually 
make sufficient space between the fireproof brick and the 
wood floor to accommodate the conduit. Where iron conduit 
is attached to wood beams, it is held by pipe straps in the 
same way as gas pipe. 



(aj 
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61. Underwriters’ Rules Relating to Conduit Wire 
and Installation. — The following rules relating to the wire 
used for conduit work and the installation of the conduit 
should be observed: 

Conduit Wire — 

Must comply with the following specifications: 

<3:. Single wire fof lined conduits must comply 
with the Specifications for rubber-covered wire on 
other low-voltage work. For unlined conduits, it 
‘ must comply with the same requirements, except 
that tape maybe substituted for braid, and in addi- 
tion there must be a second, outer, fibrous covering 
at least inch in thickness and sufficiently tena- 
cious to withstand the abrasion of being drawn 
through the metal conduit. 

h. For twin or duplex wires in lined conduits, 
each conductor must comply with the specifications 
for rubber-covered wire on other low-voltage work, 
except that tape may be substituted for braid and 
there must be a substantial braid covering over the 
whole. For unlined conduits, each conductor must 
comply with the same requirements, except that 
tape may be substituted for braid and, in addition, 
must have a braid covering, the whole at least 
■ 3 V inch in thickness and sufficiently tenacious to 
withstand the abrasion of being drawn through the 
metal conduit. 

c. For concentric wires, the insulation of the 
inner conductor must comply with the specifications 
for rubber-covered wire, except that tape may be 
substituted for braid, and there must be outside of 
the outer conductor the same insulation as on the 
inner, the whole to be covered with a substantial 
braid, which for unlined conduits must be at least 
xV inch in thickness and sufficiently tenacious to 
withstand the abrasion of being drawn through the 
metal conduit. 

The braid required around each conductor in duplex, 
twin, and concentric cables is to hold the rubber insulation 
in place and prevent jamming and flattening. 

63. The following rules govern the installation of 
conduits : 
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Interior Conduits. — 

The object of a tube or conduit is to facilitate the insertion 
or extraction of the conductors, to protect them from 
mechanical injury, and, as far as possible, from moisture. 
Tubes or conduits are to be considered merely as raceways, 
and are not to be relied on for insulation between wire and 
wire or between the wire and the ground. 

a. No conduit tube having an internal diameter 
of less than | inch shall be used ; measurement to 
be taken inside of metal conduits. 

b. Must be continuous from one junction box to 
another or to fixtures, and the conduit tube must 
properly enter all fittings. 

c. Must be first installed as a complete conduit 
system, without the conductors. 

d. Must be equipped at every outlet with an 
approved outlet box or plate. 

c. Metal conduits, where they enter junction 
boxes and at all other outlets, etc. , must be fitted 
with a capping of approved insulating material, 
fitted so as to protect wire from abrasion. 

f. Must have the metal of the conduit perma- 
nently and effectually grounded. 

Wires ill Conduits — 

Must not be drawn in until all mechanical work 
on the building has been as far as possible com- 
pleted. 

Must for alternating-current systems have the 
two or more wires of a circuit drawn in the same 
conduit. 

It is advised that this be done for direct-current systems 
also, so that they may be changed to alternating-current 
systems at any time, induction troubles preventing such a 
change unless this construction is followed. 

There has been much discussion as to what constitutes a 
permanent and effectual ground in such work. In small 
installations the ground should be of as great carrying capac- 
ity as the conductors within the conduit. In large plants 
this is not practicable. Where conduits pass from junction 
box to junction box, they should be well connected, electri- 
cally as well as mechanically, to the metal of the boxes, so 
that no part of the conduit system will be insulated or in 
poor contact with the rest of the system. On every large 
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‘‘nstallation. a ground detector should be installed at the 
main distribution center, so that a ground may be easily 
located and lifted. 

C3. While a conduit system is considered merely as a 
‘system of raceways” for the wires, if it is properly 
installed, all joints firmly made, and an efficient ground pro- 
vided, it serves the purpose also of an additional protection. 
No ground can then occur anywhere in the concealed wiring 
in the building except upon the conduit, and if that is 
grounded to the earth, it cannot do any damage. If two 
grounds should occur upon opposite sides of the line, a 
“dead ” short circuit is formed through the walls of the iron 
pipe. This will blow the fuses on the lines affected, discon- 
necting them, but doing no other damage. The iron pipe 
also has the effect of choking back any possible lightning 
stroke upon the line, thus affording additional protection to 
the lamps and fixtures. 

G4, Screw joints between various lengths of pipe and 
between pipes and junction boxes and cut-out cabinet frames 
are to be preferred to all other kinds of joints, because they 
are more secure and afford better electrical contact. To 
secure them in an entire system, it is necessary to use a few 
right-hand and left-hand couplings or a few unions. Where 
unions are used, they should preferably be of brass, because 
brass gives better contact at the sliding joints than iron. 
Right-hand and left-hand couplings are also used. In most 
cases, however, instead of a union or right-hand and left- 
hand coupling, the thread is cut well back on one piece, the 
coupling screwed on and afterwards screwed back over the 
other piece. 

But owing to the difficulty of installing screw joints in all 
places, and because other joints are easier to make and 
require less expensive fittings (though not so good), many 
systems have been designed in which other kinds of joints 
are relied on. Whatever system is used, however, the work- 
man must not shirk the duty of making good pipe connec- 
tions, which are as important as soldered joints on the wires. 
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65. Flexible Armoi*ed. Conduit. — In order to avoid 
joints and make the conduit cheaper and easier to install, 
flexible armored conduits 
have recently been brought 
forward. Fig. 37 shows a 
piece of the Greenfield con- 
duit, showing the method 
of connecting it to a junc- 
tion box. This conduit is 
made of steel ribbon wound spirally. It affords a good pro- 
tection to the wire against mechanical injury, but it is not 
waterproof. It is, therefore, inferior to the iron conduit for 
damp places or where the conduit has to be laid in concrete. 
This conduit may be used for fished work, but is not allow- 
able for a regular conduit system. 

66. Economy of Space in Conduit Systems. — In those 
places where very many circuits are to be run, as, for exam- 
ple, in a partition or along one wall, it is often impossible to 
find space enough for all the wires and at the same time 
keep them the distance apart required by the Underwriters. 
In such cases, they may be run in conduits and placed com- 
pactly together side by side. 

Where the walls on which the wires are to be concealed 
are of brick or stone or other masonry, a conduit system 
offers the only method of concealing the wires that is at 
once practicable, economical, and permanent. It is the sys- 
tem to adopt for all concealed work in new fireproof build- 
ings and in all other new buildings except those where 
most of the walls and partitions are of frame covered with 
lath and plaster, leaving ample space and easy work for 
knob-and-tube construction. 

In large buildings where there are to be many electric 
conduits, architects usually provide channels in the brick- 
work in which the conduits can be placed, so as to bring 
them behind the surface of the brick without having to cut 
the brick with a chisel after it is in place, which is a labori- 
ous and objectionable method. 
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67. Drawing Wires In Conduits. — When the wires are 
to be drawn into conduits, it is a good plan to blow soap- 
stone through first, as it makes the wire slide through easier 



and take the ells better. A ‘‘snake” is first run through 
the tube and the wire pulled through by means of it. The 
^nake usually consists of a steel ribbon about -1: inch wide 
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with a ball about ^ inch diameter on the end. If the con- 
duit has many turns, it is advisable to use a coiled spiral 
spring about ^ inch diameter and G or 8 inches long with a 
ball on one end and the other end fastened securely to the 
steel ribbon. The end with the piece of spring is pushed in 
first and the spring passes around the turns easily. 

68 . Fig. 38 shows one floor of a dwelling house wired 
with conduits. The numbers on the various outlets indicate 
the number of lamps supplied. The wiring is carried out 
on the loop system, and it will be noticed that no branches 
are taken off between outlets. Four circuits are used in 
order that there may not be more than ten lamps on any 
one circuit.* 


WOODEN MOEDTNG8. 

69 . Wooden inoldiii^^s are used to a great extent in 
running wires over woodwork, on walls, door and window 
frames, and other places where they cannot otherwise be 
well concealed. Moldings put up on ceilings or walls should 
be arranged symmetrically, so as to disguise their purpose, or 
at least not disfigure a room, even though it may be neces- 
sary to put up blank or empty molding for this purpose. 
Work of this kind is confined almost exclusively to old 
buildings. The following rules relate to these moldings: 

Wooden Moldings — 

a. Must have both outside and inside at least 
two coats of waterproof paint or be impregnated 
with a moisture repellent. 

d. Must be made of two pieces, a backing and 
capping so constructed as to thoroughly encase the 
wire and provide a ^-inch tongue between the con- 
ductors and a solid backing that, under the grooves, 
shall not be less than f inch in thickness, and must 
afford suitable protection from abrasion. 

It is recommended that only hardwood molding be used. 
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wires — 

For moldmg work : 

Must have approved rubber-insulating covering. 

Must never be placed in molding in concealed or 
damp places or where the difference of potential 
between any two wires in the same molding is over 
300 volts. 

70, Irresponsible parties sometimes run weather-proof 
wire in moldings This practice is dangerous, for in mold- 
ing work there is practically no insulation except that on 
the wire, if the molding becomes damj); while in cleat and 
tube work there is an air space, and in conduit work an 
iron pipe, as an additional protection. Moreover, a wire 
with an air space or an iron jacket around it cannot do 
much damage even if it does become very hot; but a wire 
embedded in wood if overloaded excessively will char and pos- 
sibly set fire to the wood, because the heat cannot easily be dis- 
sipated. Dampness is the greatest enemy of molding work. 



Fig 39. 


However, where hardwood moldings and rubber-covered 
wires of sufficient size are used in places always dry, this 
kind of work is quite safe and is very much in vogue at the 
present day. Moldings are especially convenient in running 
border lights around the walls of rooms, where lamps are 
placed a foot or so apart, and in wiring show windows for 
temporary displays, and other work of a semi-permanent 
nature. Moldings are made in a variety of styles, some 
of which are ornamental and nicely finished to match the 
trimmings of the rooms in which they are used. Fig. 39 
shows a typical two-wire molding that conforms to the 
Underwriters’ reauirements, since it has the backing a and 
capping b. 
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TESTS, 

71. After a jol) of wiring* has been completed, tests should 
be made to see if all connections are correct and also if 
there are any grounds or crosses between the wires. All 
circuits should be tested before fixtures of any kind are put 
up, and each fixture should be tested carefully before it is 
put in place. Fixtures when re'ceived from the factory are 
not usually wired, and connecting the sockets, etc. must be 
done before they are put in place. If this is not carefully 
done, the fixture wire is apt to become grounded ; hence, the 



Fig. 40. 


necessity of testing out fixtures before they are put into 
position. For most of this testing a magneto-bell is used. 
This is a small hand, electric generator connected with a 
bell similar to the call bell on a telephone. Fig. 40 shows a 
portable magneto made for testing work ; /, f are the ter- 
minals to which wires are attached in order to test any 
circuit. When a circuit is established between /, the bell 
rings. These instruments are made of various capacities 
designed to ring the bell through resistances of 5,000 to 
10,000 ohms, or more. 
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72 » Each branch circuit should be tested individually 
with the magneto by connecting it to the terminals of the 
circuit at the panel board or cut-out. The wires at all the 
outlets should be separated and the circuit rung up. If no 
ring is obtained, it shows that there is no cross between the 
wires. The wires coming out of each outlet should then be 
touched together in turn and also their corresponding 
switch outlets, if there are any, to see if the connections to 
the outlets are all right. After each outlet is rung up, its 
wires should be left separated. Each side of the circuit 
should then be tested for grounds. If it is a conduit sys- 
tem, one terminal of the magneto should be connected to 
the sheathing and the other to each side of the circuit in 
turn. If no ring is obtained on either side, it shows that 
the wire is clear of grounds. If a ring is obtained, the ends 
should be carefully examined, and if necessary the wire 
must be drawn out and examined. In knob-and-tube work 
the method of testing is practically the same, only in test- 
ing for grounds one side of the magneto may be connected 
to a gas or water pipe. Each fixture should be subjected 
to similar tests, and after all the fixtures are in place, the 
system as a whole should be tested. 

73, Under writers’ Tests. — An insurance inspector 
usually tests each branch line with a magneto for con- 
tinuity, short circuits, and groiinds. He then usually 
counts up the number of lamps on each circuit and notes 
the sizes of wire used to see that no wire is overloaded when 
all the lamps are on. Concealed work must be inspected 
before the lath and plaster are put on, otherwise it will not 
be passed without special investigation; this means tearing 
up floors and walls, which is expensive, to say the least. 

In most installations, where the inspector has no reason 
to suspect that any fault}^ material has been used, he is 
able to satisfy himself by these tests and by examining the 
work with his eye ; in fact, in many cases an ocular inspec- 
tion is the only inspection made by the authorities, if they 
are satisfied that the contractor is honest and has made the 
other necessary tests. 
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74, Where more particular attention is given to a piece 
of work or where it is desired to learn whether an old 
installation or one not properly inspected at the time the 
work was done is up to the standard of safety, the insula- 
tion resistance is measured. 


Insulation Resistance. — 

The wiring in any building must test free from 
grounds; i. e., the complete installation must have 
an insulation between two separate conductors and 
also between all conductors and the ground (not 
including attachments, sockets, receptacles, etc.) 
of not less than the following: 


Up to 5 amperes 4,000,000 ohms. 

Up to 10 amperes 3,000,000 ohms. 

Up to 35 amperes 800,000 ohms. 

Up to 50 amperes 400,000 ohms. 

Up to 100 amperes 300.000 ohms. 

Up to 200 amperes 100,000 ohms. 

Up to 400 amperes 25,000 ohms. 

Up to 800 amperes 25,000 ohms. 

Up to 1,600 amperes 12,500 ohms. 


All cut-outs and safety devices should be in place 
when the above test is made. 

Where lamp sockets, receptacles, and electroliers, 
etc. are connected, one-half of the above will be 
required. 


Where lamps or other devices are suspected of taking 
more current than they should or where the load on any 
line is, for any reason, in doubt, the current should be 
measured with an ammeter. 


MEASUREMENT OF DROP IN VOLTS. 

75, If the current can be turned on in order to make a 
test of the drop in voltage, the best way is to use a volt- 
meter and determine the actual drop on each line at full 
load. With an ordinary voltmeter, the best method is to 
have two pairs of test cords and plugs connected to a double- 
pole double- throw switch. One pair of test cords should 
run to the distribution center ; the other should run to the 
fixture to which the drop is to be determined. The switch 
should be so connected to the voltmeter that a reading of 
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the voltage at the end of one pair of cords can be taken one 
instant and that at the end of the other pair of cords the 
next. The difference is the drop in volts on that line. All 
of the lamps should be turned on while the measurements 
are being taken, and several sets of readings should be made, 
because currents supplied from central stations suffer varia- 
tions in voltage. 


MARmE WORK. 

76 . Wiring on board ships is subjected to some special 
conditions and therefore requires special treatment. The 
first important condition not usually met with on land is the 
motion of the ship, which makes it necessary to avoid all 
forms of construction where chafing or breaking might take 
place. The second important peculiarity is the constant 
dampness of the atmosphere. For these and other reasons 
a separate code has been prepared for marine work, from 
which the following rules are selected. They embody the 
chief points in which marine work differs from other work. 

Wires — 

a. Must be supported in approved molding or 
conduit except at switchboards and portables. 

Special permission may be given for deviation from this 
rule in dynamo rooms. 

b. Must have no single wire larger than No. 1*^ 

B. & S. Wires to be stranded when greater carry- 
ing capacity is required. No single solid wire 
smaller than No. 14 B. & S. except in fixture wir- 
ing to be used. 

Stranded wires must be soldered before being fastened 
under clamps or binding screws, and when they have a con- 
ductivity greater than No. 10 B. & S. copper wire, they must 
be soldered into lugs. 

c. Splices or taps in conductors must be avoided 
as far as possible. Where it is necessary to make 
them, they must be so spliced or joined as to be both 
mechanically and electrically secure without solder. 
They must then be soldered, to insure preservation, 
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covered with an insulating compound equal to the 
insulation of the wire, and further protected by a 
waterproof tape. The joint must then be coated or 
painted with a waterproof compound. 

Wires for Molding Work — 

a. Must have an approved insulating covering. 

The insulation for conductors, to be approved, must be at 
least inch in thickness and covered with a substantial 
waterproof and flame-proof braid. 

The physical characteristics shall not be affected by any 
change in temperature up to 200° F. After 2 weeks’ sub- 
mersion in salt water at 70” F., it must show an insulation 
resistance of 1 megohm per mile after B minutes’ electrifi- 
cation with 550 volts. 

b. Must have when passing through water-tight 
bulkheads and through all decks a metallic stuffing 
tube lined with hard rubber. In case of deck tubes, 
they shall be boxed near deck to prevent mechani- 
cal injury. 

c. Must be bushed with hard-rubber tubing 
\ inch in thickness when passing through beams 
and non-water-tight bulkheads. 


Wires for Conduit Work — 

a. Must have an approved insulating covering. 


The insulation for conductors for use in lined conduits, to 
be approved, must be at least inch in thickness and be 
covered with a substantial waterproof and flame-proof braid 
The physical characteristics shall not be affected by any 
change in temperature up to 200° F. 

After 2 weeks’ submersion in salt water at 70 F., it must 
show an insulation resistance of 1 megohm per mile after 
3 minutes’ electrification with 500 volts. 


For unlined metal conduits, conductors must con- 
form to the specifications given for lined conduits,, 
and in addition have a second, outer, fibrous cover- 
ing at least inch in thickness and sufficiently 
tenacious to withstand the abrasion of being drawn 
through the metal conduit. , . i 

b. Must not be drawn in until the mechanical 
work on the conduit is completed and the same is 

in place. ^ ^ 

/ When run through coal bunkers, boiler rooms, 
and where they are exposed to severe mechanical 
injury, must be encased in approved conduit. 
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TABIjE VI. 

Table of Capacity of Wires for Marine Work. 


B. & S. G. 

Area Actual 
C. M. 

Number of 
Strands. 

Size of 
Strands 

B. & S. G. 

Amperes. 

19 

1,288 




18 

1,624 



3 

17 

2,048 




16 

2,583 



6 

15 

8,257 




14 

4,107 



12 

12 

6,530 



17 


9,016 

7 

19 

21 


11,368 

7 

18 

25 


14,336 

7 

17 

30 


18,081 

7 

16 

35 


22,799 

7 

15 

40 


30,856 

19 

18 

50 


38,912 

19 

17 

60 


49,077 

19 

16 

70 


60,088 

37 

18 

85 


75,776 

87 

17 

100 


99,064 

61 

18 

120 


124,928 

61 

17 

145 


157,563 

61 

16 

170 


198,677 

61 

15 

200 


250,527 

61 

14 

235 


296,387 

91 

15 

270 


873,737 

91 

14 

320 


413,639 

127 

15 

340 


Portable Conductors — 

Must be made of two stranded conductors, each 
having a carrying capacity equivalent to not less 
than No. 14 B. & S. wire, and each covered with an 
approved insulation and covering. 

Where not exposed to moisture or severe mechanical 
injury, each stranded conductor must have a solid insulation 
at least thickness and must show an insulation 

resistance between conductors and between either conductor 
and the ground of at least 1 megohm per mile after 1 week’s 
submersion in water at 70° F. and after 3 minutes’ electrifi- 
cation with 500 volts, and be protected by a slow-burning, 
tough-braided, outer covering. 

Where exposed to moisture and mechanical injury — as for 
use on decks, holds, and firerooms — each stranded conductor 
shall have a solid insulation, to be approved, of at least 

inch in thickness and be protected by a tough braid. The 
two conductors shall then be stranded together, using a jute 
filling. The whole shall then be covered with a layer of 
flax, either woven or braided, at least inch in thickness, 
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and treated with a non-inflammable, waterproof compound 
After 1 week’s submersion in water at 70'^F., at 550 volts] 
and a 3 minutes electrification, must show an insulation 
between the two conductors or between either conductor 
and the ground of 1 megohm per mile. 

Wooden Moldings — 

a. Must be made of well-seasoned lumber and 
be treated inside and out with at least two coats of 
white lead or shellac. 

b. ^ Must be made of two pieces, a backing and a 
capping, so constructed as to thoroughly encase the 
wire and provide a |^-inch tongue between the con- 
ductors and a solid backing that, under the grooves, 
shall not be less than | inch in thickness. 

c. Where molding is run over rivets, beams, etc., 
a backing strip must first be put up and the mold- 
ing secured to this. 

d. Capping must be secured by brass screws. 

Cut-Outs. — 

a. In places such as upper decks, holds, cargo 
spaces, and firerooms, a water-tight and fireproof 
cut-out may be used, connecting directly to mains 
when such cut-out supplies circuits requiring not 
more than G60 watts energy. 

b. When placed anywhere except on switch- 
boards and certain places, as cargo spaces, holds, 
firerooms, etc., where it is impossible to run from 
center of distribution, they shall be in a cabinet 
lined with fire-resisting material. 

c. Except for motors, searchlights, and diving 
lamps, shall be so placed that no group of lamps 
requiring a current of more than 6 amperes shall 
ultimately be dependent on one cut-out. 

A single-pole covered cut-out may be placed in the 
molding when same contains conductor supplying circuits 
requiring not more than 220 watts energy. 

Fixtures — 

a. Shall be mounted on blocks made from well- 
seasoned lumber treated with two coats of white 
lead or shellac. 

b. Where exposed to dampness, the lamp must 
be surrounded by a vapor-proof globe. 

c. Where exposed to mechanical injury, the lamp 
must be surrounded by a globe protected by a stout 
wire guard. 
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WIRING ESTIMATES. 

77. It is difficult to lay down any reliable rules to be 
used in estimating the cost of a proposed wiring job. As 
when estimating in other lines of work, experience must 
largely be relied on. The prices of labor and material vary 
so widely in different sections of the country that any general 
rules might lead to very inaccurate results. Moreover, these 
prices are always fluctuating. One frequently sees state- 
ments to the effect that certain kinds of wiring can be done 
for so much per lamp or so much per outlet, but it is evident 
that while such figures might be fairly correct so far as the 
average of a large number of installations is concerned, they 
might be far from correct when applied to individual cases. 

78. The only way in which to obtain a fairly close esti- 
mate of the cost of a given installation is to prepare plans 
and lay out the circuits, marking the size of the wire and 
the capacity of the various switches and cut-outs required. 
By laying out these plans, the amount of wire, conduit, and 
other material required may be arrived at quite closely. 
The number of switches, cut-outs, etc. can be counted up 
and their cost estimated. In measuring the length of the cir- 
cuits, do not forget to take into account the wire and material 
necessary for running up and down walls to switches or 
outlets. Margin should be allowed for such material as 
tape, solder, etc. The labor item will depend largely on 
whether the building to be wired is an old one or one in the 
process of construction, also on the style of wiring used, so 
that the labor item can only be determined from a careful 
inspection of the premises to be wired and experience on 
work of a similar class. An ordinary two-story dwelling 
house wired on the concealed knob-and-tnbe system will 
require about 6 days’ labor of a man and helper. This is for 
a medium sized house. Some small houses will require less 
than this. Old houses require a much larger expenditure of 
labor, because there is liable to be considerable molding work 
to be done. 
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79 . As stated before, it is unsafe to assume a certain 
cost per outlet in figuring on a job of wiring unless one has 
been doing considerable work of a certain class. As a rough 
guide, however, it may be stated that ordinary dwellings 
wired on the concealed knob-and-tube plan will cost from 
$2.00 to $3.00 per outlet. This, of course, does not include 
the fixtures, but should cover the cost of snap switches and 
porcelain cut-outs. Ordinary exposed wiring can usually be 
run for $1.00 to $1.75 per drop, including rosettes, cord, and 
sockets, though, of course, very much depends on how closely 
the lights are grouped. It is evident that if the lamps are 
scattered very much, the cost of wdre, porcelain fittings, and 
labor will be comparatively high, and this will increase the 
cost per drop. Wiring with iron-armored conduit is expen- 
sive, but it is substantial. It is diflicult to give any 
figures as to the cost per outlet. For small installations, 
it will probably cost from $5.00 to $0.00 per outlei; in large 
installations, the cost will be somewhat less. The student 
must remember that these figures are approximate only. 
The cost in different localities might vary widely from the 
above, and the only way to make a fairly close estimate is to 
lay out the circuits, make a list of the material needed, and 
estimate their cost and the probable labor required. 
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COMBINma SEVERAL WIRmG 
SYSTEMS. 


STORE RIGHTING. 

1. A large electric-light installation generally requires 
many kinds of wiring, and there are usually special condi- 
tions that determine what kind of work is to be done in each 
locality. As an example, we will take the wiring system of 
a certain department store as it was actually put in. 

After a careful study of the conditions existing, the man- 
agers of the store concluded that enclosed-arc lamps were 
best suited for the general illumination of their stores, and 
that incandescent lamps should be installed for use at desks, 
in closets and warerooms, and occasionally in show win- 
dows. Accordingly, the premises were wired for 250 en- 
closed-arc lamps and 500 incandescent lamps at 110 volts. 

Separate feeder wires were run to each of the ten depart- 
ments. The dynamos were installed in the engine room in 
the subbasement, one machine capable of supplying current 
for one-third of the lamps to be used when the load was 
light, and one generator capable of operating two-thirds of 
the lamps, and some small motors. When the entire load 
was on, the two generators operated in multiple. 

§28 
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2. In order that light could be secured in case of a break- 
down of the plant, service wires from the Edison three-wire 
system were brought into the basement and connected to 
the switchboard in such a manner that this current could be 
used in an emergency. The double-throw switches and con- 
nections necessary to change over from the two-wire to the 


+ 

— 4- • 

(- 





4- • 

4. . 

J 










1 

— 


i 

=r- 


“a. 

I 


(a) 



three-wire system, where arc lamps are used, are shown in 
diagram in Fig. 1 [a). A special four-pole double-throw 
switch was installed. If there were no arc lamps requiring 
that the direction of the current must be constant, one 
three-pole double-throw switch, connected as in Fig. 1 {b), 
would have been sufficient. The use of the three-wire 
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system in this case involved no saving in the lines, as that 
system extended only to the main switchboard, beyond 
which the two-wire system was used. 

3 . The feeder cables were run from the engine room to 
the centers of distribution in each of the various depart- 
ments, in iron-armored conduits, one cable to a conduit. 
Cables and not wires were used, because heavy, solid con- 
ductors cannot be drawn into conduits with bends in them. 
These conduits were put together with screw couplings, 
with corner boxes of special design at each elbow, as the 
cables were very heavy. In the basement the conduits were 
all connected together by locknuts and a bus-bar, which 
was grounded to the water main back of the main valve on 
the automatic-sprinkler system by an iron rod, which was 
inserted in the water pipe like a tap. This afforded an 
excellent ground. 

4 . Cut-out cabinets were installed in each department. 
When in conspicuous places, they contained marble tablets 
upon which were mounted lugs to receive fuses. Enclosed 
fuse links were used. A switch was provided on the tablet 
for each circuit. All connecting wiring was done on the 
back of the board and was thus concealed. The tablets 
were mounted in hardwood cabinets with plate-glass doors 
that opened by sliding downwards like a window sash. In 
less conspicuous places, the cabinets were provided with 
hinged wooden doors, were lined with asbestos, and provided 
with porcelain link fuse cut-outs of the o[)en-fuse type. For 
each enclosed-arc lamp a separate branch line was run from 
the nearest cut-out cabinet. Large departments were pro- 
vided with several cut-out cabinets connected to the same 
pair of feeders, 

6 * The branch lines were run in various ways; some of 
them were run in pipes, some were run in molding, and 
some were run open. Where they were placed in pipes, 
twin conductors were used and the lamps were hung from 
the pipe ends by means of an insulating joint. All the 
branch pipes were connected together and to the feeder 
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pipes at the cut-out cabinet in the same way as those pipes 
were connected together in the basement. 

6. A drop of 2 volts was allowed in the mains and a drop 
of 1 volt in the distributing wires for incandescent lamps. 
The distributing wires for the arc lamps were all of No. 14 
wire, and the resistances at the lamps were adjusted so as 
to secure 80 volts at the arc. From a distribution closet in 
one of the busiest departments, twin conductors of No. 14 
wires were run to the generator switchboard, in an iron 
pipe, and connected to a voltmeter on the switchboard. The 
terminals of these pressure wires in the closet were con- 
nected, with proper cut-out protection, to the terminals of 
the feeders. The dynamo tender was, therefore, able from 
the indications of the voltmeter to regulate his machines 
so as to maintain a constant potential of 110 volts at the 
cabinets. 

7 , The show windows were lighted by enclosed-arc lamps 
hung in the space above the goods displayed, but out of sight 
from the street. Only the outer globes projected below the 
dust-proof casing surrounding the window space. Thus, 
brilliant illumination was secured with very little glare and 
with great economy. The lamps were so arranged that they 
could be lifted out of the globes whenever it was necessary 
to trim them; but the globes were never removed, being 
cleaned while in place. This arrangement proved very 
effective and convenient. Additional circuits were run to 
various points for connecting incandescent lamps and special 
apparatus for holiday displays. 


THEATER WIRING. 

8 . The wiring of theaters and entertainment halls pre- 
sents some peculiar features. All the lamps in the theater 
must be controlled from one point, usually on the right wing 
of the stage. The gas lighting is also controlled from the 
same point. Most of the lights on the stage are arranged 
in borders, or long rows, which contain several circuits of 
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lamps of various colors, and are also usually provided with 
dimmers. Therefore, the stage switchboard of a large the- 
ater is quite a complicated affair compared with the distri- 
bution closets used in ordinary work. 

In cases where there are a large number of borders of 
incandescent lamps, it is inconvenient to divide them into 
circuits of only 600 watts, and permission can usually be 
obtained from the Underwriters to place more lamps on such 
circuits if special care is taken. 

9. Stage (lirninefs are of two kinds, resistance boxes 
and reactive coils. The latter are more economical, but can 
be used with alternating currents only. Care must betaken 
to locate resistance boxes where they can be kept cool by 
the circulation of fresh air. E(jiiallzers are used to regu- 
late voltages within small limits when large currents are 
used, as, for example, to correct unbalancing of the three- 
wire system. They are made of small resistance and large 
carrying capacity. The following Underwriters’ rules 
relate to the installation of these appliances: 

Resistance Boxes and Equalizers — 

Must be equipped with metal or with other non- 
combustible frames. 

The word “frame” in this section relates to the entire 
case and surroundings of the rheostat, and not alone to the 
upholding supports. 

Reactive Coils. — 

Reactive coils must be made of non-combustible 
material, mounted on non-combustible bases, and 
treated, in general, like sources of heat. 

Most of the dimmers in common use consist of a resistance 
split up into a number of sections, so that the amount of 
resistance in series with the lamps may be varied. They 
are made in a number of different forms, some of them being 
arranged so that their operating handles interlock so that 
they may be operated singly or together in any desired com- 
bination. Dimmers are, of course, connected in series with 
the circuits that they are intended to control. 



6 


INTERIOR WIRING. 


§28 


WIRING FOR SPECIAL PURPOSES. 

10. While in most work of a permanent character the 
closet system of distribution, with very slight drop in the 
branch lines, is the proper system to adopt, there are 
special conditions that sometimes make it desirable to install 
wires for a very low price, for temporary or occasional use 
In such installations, the efficiency is of comparatively little 
importance, but the proper regulation and uniform voltage 
at the lamps are as important as in permanent work. 

11 . Let us take a case, such as the installation of a thou- 
sand 8-candlepower lamps for decorative purposes around 
the cornices of a building at a fair, where the wires will be 
up for a few days or weeks only. All the lamps are to be 



burned at the same time. In such a case, it may be eco- 
nomical to allow as much as 12.5 per cent, drop on the lines 
and use 100-volt lamps on 112.5-volt service. We will 
run but one pair of feeder lines around the building, a dis- 
tance of 1,000 feet. We desire to have the drop on these 
lines such that we will have 100 volts at any point between 
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them and 113.5 volts at the terminals. This can only be 
accomplished by running the lines in opposite directions 
and having them change in size often enough to secure 
practically uniform drop per foot. Fig. 2 (a) illustrates 
such an arrangement, and (^) shows the same thing drawn 
in a straight line instead of a square. This is sometimes 
called the anti-parallel method of feeding. 

13. There will be a lamp for every foot. There will be 
required 40 branches of No. 14 wire, with 25 lamps on each 
branch, as shown in Fig. 2 {b). Weather-proof wall recepta- 
cles will be used. The total length of wire in the mains 
is 2,000 feet. The length of wire to any given branch is 

1,000 feet; hence, the rate of drop must be 12.5 volts per 

1,000 feet. On account of the method of feeding from each 
end, it is easily seen in Fig. 2 (/;) that the length of wire 
through which the current flows to any point d must be 

1,000 feet. The currents that various wires will carry with 
a drop of 12.5 volts are as follows: 


Size of Wire 

Volts Drop. 

Resistance 
per i^ooo Feet. 

Amperes, 

No. 14 

12.5 

- 2.521 = 

4.96 

No. 12 

12.5 

- 1.586 = 

7.88 

No. 10 

12.5 

.997 = 

12.5 

No. 8 

12.5 

.027 = 

19.9 

No. 6 

12.5 

.394 = 

31.7 

No. 5 

12.5 

.313 = 

39.9 

No. 4 

12.5 

.248 ^ 

50.4 


The amperes for larger wires can be be found by consult- 
ing the tables in Interior Wiring, Part 2. 

Since the lamps are to be 8 candlepower, there will be 
about 1 ampere for every 4 lamps, and consequently for 
every 4 feet of line (2 wires). In making up a conductor 
to have nearly uniform drop, it will be necessary for us to 
compromise for all points that do not exactly correspond 
with the above-calculated current values. For instance, if 
we join No. 12 wire to No. 14 wire, it must be at a point 
where there is between 4.96 and 7.88 amperes. If we select 
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lengths of wire that will bring this joint half way between 
the points where the wires exactly correspond, it will be 
near enough. We then will have results as given by the 
following table: 


Size 

of 

Wire. 

Amperes 

Giving 

12.5 Volts 
per 1 ,000 Feet 

Corresponding 
Distance 
from End of 
Line. 

Distance of 
End of Wire 
from End 
of Line. 

Length of 
Wire to 
be Used. 

14 

4.96 

20 

26 

26 

12 

7.88 

32 

41 

15 

10 

12.5 

50 

65 

24 

8 

19.9 

80 

104 

39 

6 

31.7 

127 

144 

40 

5 

39.9 

160 

181 

37 

4 

50.4 

202 

228 

47 

3 

63.5 

254 

290 

62 

2 

80.1 

320 

362 

72 

1 

100.8 

403 

457 

95 

0 

127.5 

510 

576 

119 

00 

160.3 

641 

724 

148 

000 

201.6 

806 

915 

191 

0000 

255 . 1 

1,020 

1,000 

85 


In the above table the second column is obtained by 
dividing the volts drop (12.5) by the resistance per 1,000 feet 
of the various sizes of wire. The third column is found by 
taking the approximate value of the current multiplied 
by 4 because there is 1 ampere for every 4 feet of cornice. 
The fourth column is obtained by taking one-half the differ- 
ence between the succeeding quantities in column 3 and 
adding this difference to the quantity in column 3. For 
example, at a point 20 feet from the end the current is 
4.96 amperes and at a point 32 feet from the end it is 
7.88 amperes. As stated above, we will select lengths of 
wire that will bring the joints between the different sizes of 
wire midway between the points where the wires correspond. 
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Hence, in the first case if we have a current of 7.88 amperes 
32 feet from the end and a current of 4. 90 amperes 20 feet 

from the end, the joint will be 20 + = 20 feet from 

2 


the end and 20 feet of No. 14 wire will be required. Also in 
the case of the No. 8 and No. 6 wires, we have 19.9 amperes 
80 feet from the end and 31.7 amperes 127 feet from the end ; 


hence, the joint between the two sizes will be 80 -f- 


127 - 80 
2 


= 103.5 feet from the end. In the table, the nearest even 
feet are given, so that this is taken as 104. In the case of 
the 0000 wire, the distance from the end of the line corre- 
sponding to a drop of 12.5 volts works out 1,022 feet, though, 
of course, there would not be quite as large a current as 
255.1 amperes because the line cannot be longer than 
1,000 feet. This quantity is, however, used in determining 
the distance (915 feet) of the en.d of the 000 wire from the 
end of the line. The distance of the end of the 0000 wire 
must, of course, be 1,000 feet because the cornice is 1,000 feet 
long. The lengths in column 5 are obtained by suttrac- 
ting the successive values of column 4, for example (55 — 41 
= 24, 104 - 05 = 39, etc. 


13 . Cut-outs of the following amperes capacity would 
have to be installed : 

15 amperes, to protect Nos. 14, 12, and 10. 

65 amperes, to protect Nos. 8, 6, 5, 4, and 3. 

130 amperes, to protect Nos. 2, 1, and 0. 

160 amperes, to protect No. 00. 

250 amperes, to protect Nos. 000 and 0000. 

This statement assumes that weather-proof wire is to be 
used. Fig. 3 is a diagram of a portion of the wiring in 
place, showing the connections of cut-outs. 

14 . Another method of wiring for temporary work is to 
put up wires on the feeder system just large enough to 
carry the current, and then calculate the drop and install 
lamps of the required voltage. This is a simple and very 
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cheap method. In the case of the border lamps just con- 
sidered, if wired in this way, we could use eight pairs of 
feeders of No. 10 wire, with 125 lamps per feeder. If we 
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arrange the feeders as shown in Fig. 4, the lengths of these 
feeder lines and the drop on each would then be roughly as 
follows, if each lamp required ^ ampere. Current in each 


\»-/23/i:-^ 


-/OOOJt- 


Mams carr^/np /S5 1 amps 


NO/O/eeafers. 


W/sfr/^uftno 

Center 


feeder is Jf-5- amperes, and No. 10 wire has a resistance of 
about 1 ohm per thousand feet. The approximate length 
of the feeders will be as given below: 

2 lines 425 feet (2 wires) long, 26. G volts drop. 

2 lines 300 feet (2 wires) long, 18.8 volts drop. 

2 lines 175 feet (2 wires) long, 10.9 volts drop. 

2 lines 50 feet (2 wires) long, 3.1 volts drop. 

The drop in the first case = X .425 X 2 = 26.6. The 
others are found in a similar manner. In the distribution, 
about 1 volt would be lost. Consequently, if 125 volts are 
supplied, the lamps should have voltages of 97, 105, 113, 
and 121 if each lamp requires ^ ampere. 

15 . There are many other methods or plans by which 
such a building as this could be wired for a large drop and 
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still be furnished with uniform and steady light. The sugges- 
tions here given are merely to set the student thinking 
about the matter of saving material. By making every 
installation a matter of special study, until he has thoroughly 
mastered every detail of the business, he will discover many 
ways of economizing labor and material that cannot be 
brought to his attention in any other way. Before using 
any unusual method, however, he should make certain that 
there is no objection on the part of the Underwriters or of 
the Fire Department to what he proposes to do. 


HiaH-POTEKTIAL SYSTEMS. 

16 . The foregoing rules have applied to systems using 
550 volts or less. For pressures over 550 volts, the following 
rules apply: 

HIQH-POTENTIAL SYSTEMS. 

550 TO 3,500 Volts. 

Any circuit attached to any machine or comhina- 
tion of machines ivhich develops a dijferencc of poten- 
tial between any two wires of over 650 volts and 
less than SfOO volts shall be considered as a high- 
potential circuit and as coining under that class^ 
unless an approved transforming device is used which 
cuts the difference of potential dozvn to 650 volts or 
less. 

Wires— 

a. Must have an approved rubber-insulating 
covering. 

The thickness of the insulating walls must not be 
less than those given in the following table for 
B. & S. gauge sizes: 

From 14 to 1. inclusive, . 

From 0 to 500,000 C. M., covered by a tape or 
a braid. 

Larger than 500, 000 C. M., ff covered by a tape or 
a braid. 
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The requirements as to insulation and break- 
down resistance for wires for low-potential systems 
shall apply, with the exception that an insulation 
resistance of not less than 300 megohms per mile 
shall be required. 

b. Must be always in plain sight and never en- 
cased except where required by the Inspection 
Department having jurisdiction. 

c. Must be rigidly supported on glass or porce- 
lain insulators, which raise the wire at least 1 inch 
from the surface wired over, and must be kept 
about 8 inches apart. 

d. Must be protected on side walls from mechan- 
ical injury by a substantial boxing, retaining an air 
space of 1 inch around the conductors, closed at the 
top (the wires passing through bushed holes) and 
extending not less than 7 feet from the floor. When 
crossing floor timbers in cellars or in rooms where 
they might be exposed to injury, wires must be 
attached by their insulating supports to the under 
side of a wooden strip not less than | inch in 
thickness. 

1 7 . It is never advisable to bring high-potential wires 
into a building when it can be avoided. The danger to life 
due to their presence is greater than the fire hazard. An 
arc on a high-potential circuit carrying much current, once 
started, will continue to burn even when the points between 
which it plays are separated several inches; and a lightning 
discharge can easily start such an arc. High potential 
systems of over 500 volts are usually alternating. Series-arc 
lighting circuits are the only important continuous-current 
high-potential circuits much used in the United States. 
With the exception of arc lamps, it is seldom necessary to 
bring any high-potential wires inside of buildings. Where 
alternating current is used, the line pressure is lowered by 
means of transformers, and it is never necessary to bring 
the high-pressure wires farther within than to substations or 
transformer rooms. 

18 . Transformers. — The ordinary alternating-current 
transformer consists of two separate coils of wire wound on 
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an iron core built up of thin sheets of iron. One of these 
coils, the primary^ has a comparatively large number of turns 
and is connected to the high-pressure line. The other coil, 
the secondary^ has a small number of turns and is connected 
to the lamps or other devices to be supplied with current. 
The high-pressure current flows through the primary and 
sets up an alternating magnetism through the secondary and 
induces an E. M. F. that is proportional to the ratio of the 
number of turns in the secondary coil to the number of turns 
in the primary. For example, if the ])rimary had 500 turns 
and the secondary 50, the secondary voltage would be 
or the primary voltage, and if the primary were supjdied 
at 1,000 volts, the secondary would deliver 100 volts. The 
following rules relate to transformers. Transformers of good 
reliable manufacture will stand all the tests named, but some 
of the old types made a number of years ago will not. 
Special attention should be paid to the rules governing the 
installation of transformers in buildings. Cut-outs on such 
circuits must be of some pattern especially designed and 
approved for the purpose. Ordinary fuse blocks should not 
be used for high voltages. 

19 . Rules Relating: to Transformer Construction 
and Installation. — 

Transformers — 

a. Must not be placed in any but metallic or 
other non-combustible cases. 

b. Must be constructed to comply with the fol- 
lowing tests; 

1. Shall be run for 8 consecutive hours at full 
load in watts under conditions of service, and at 
the end of that time the rise in temperature, as 
measured by the increase of resistance of the pri- 
mary coil, shall not exceed 135° Fahrenheit. 

2. The insulation of transformers when heated 
shall withstand continuously for 5 minutes a dif- 
ference of potential of 10,000 volts (alternating) 
between primary and secondary coils and between 
the primary coils and core, and a no-load run 
at double voltage for 30 minutes. 
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c. Must not be placed inside of any building, 
excepting central stations, unless by special per- 
mission of the Inspection Department having juris- 
diction. 

d. Must not be attached to the outside waljs of 
buildings, unless separated therefrom by substantial 
supports. 

{When permitted inside buildings.) 

a. Must be located at a point as near as pos- 
sible to that at which the primary wires enter the 
building. 

b. Must be placed in an enclosure constructed of 
or lined with fire-resisting material; the enclosure 
to be used only for this purpose, and to be kept 
securely locked and access to the same allowed only 
to responsible persons. 

e. Must be effectually insulated from the ground 
and the enclosure in which they are placed must be 
practically air-tight, except that it shall be thor- 
oughly ventilated to the outdoor air, if possible, 
through a chimney or flue. There should be at 
least 6 inches of air space on all sides of the trans- 
former. 

30. The greatest danger to be feared in the use of 
transformers is the grounding of the primary upon the 
secondary wires. This may occur either on account of a 
breakdown of the insulation under working conditions or 
because of lightning striking the primary wires. Efficient 
protection against lightning is an essential part of the out- 
of-door and central-station equipment. 


WIRING FOR ARC DAMPS. 

31. Constant-Potential Arc Damps. — The use of arc 
lamps in multiple on low-potential circuits has already 
been considered. Wiring for these lamps is done in practi- 
cally the same way as for incandescent lamps, so that no 
special comment is necessary. The following special rules 
relate to arc lamps operated on low-pressure circuits ; a few 
rules relating to electric heaters are also given, as they 
belong to the same class of work. 
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Arc lilghts on liOw-Potentlal Circuits — 

a. Must have a cut-out for each lamp or each 
series of lamps. 

The branch conductors should have a carrying capacity 
about 50 per cent, in excess of the normal current required 
by the lamp to provide for heavy current, required when lamp 
is started or when carbons become stuck, without overfusing 
the wires. 

b. Must only be furnished with such resistances 
or regulators as are enclosed in non-combustible 
material, such resistances being treated as sources 
of heat. Incandescent lamps must not be used for 
resistance devices. 

c. Must be supplied with globes and protected 
by spark arresters and wire netting around globe, 
as in the case of arc lights on high-potential cir- 
cuits. 

Electric Heaters — 

a. Must, if stationary, be placed in a safe situa- 
tion, isolated from inflammable materials, and be 
treated as sources of heat. 

/;. Must each have a cut-out and indicatiuf^ 
switch; i. e. , a switch to indicate whether the cur- 
rent is on ” or “off."’ 

c. Must have the attachments of feed- wires to 
the heaters in plain sight, easily accessible and pro- 
tected from interference, accidental or otherwise. 

d. The flexible conductors for portable appara- 
tus, such as irons, etc., must have an approved 
insulating covering. 

e. Must each be provided with name plate, giv- 
ing the maker’s name and the normal capacity in 
volts and amperes. 

23. Constant-Current Arc Eamps. — Arc lamps used 
for street lighting are nearly always run in series. With 
this arrangement the same current flows through all the 
lamps and this current has to be maintained at a constant 
value by the generator, no matter how many lights may be 
in operation. The voltage generated by the dynamo there- 
fore varies with the load. For example, suppose each lamp 
requires 50 volts; then, if 10 lamps were in operation, the 
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generator would have to supply a pressure of 500 volts; if 
50 lamps, 2,500 volts; and so on. The current has to be 
forced through all the lamps in series; hence, the voltage 
increases directly as the load, while the current remains 
constant. This is just the reverse of the constant-potential 
system. It is easily seen that if the number of lamps is at 
all large, the pressure applied to the circuit has to be very 
high ; hence, arc lamps connected to such a circuit must be 
treated as being on a high-pressure system and wired up 
accordingly. Series-arc lamps are used for indoor illumina- 
tion, though not as extensively as they once were. 

33, In all constant-potential installations, protective 
devices are installed to open the circuit whenever the lines 
are overloaded or the apparatus does not operate properly. 
hi const ant -current working^ the circuit must never be opened 
ivhile the dymamo is miming. The protective devices used 
on constant-potential working must, therefore, never be 
installed on constant-current circuits. 

All series-arc apparatus is thrown out of circuit by shunt- 
ing or short-circuiting the main circuit before opening the 
lines upon which the apparatus is connected ; in other words, 
the following rule must be complied with: 

Switches — 

Must, for constant-current systems, close the 
main circuit and disconnect the branch wires when 
turned ‘‘off”; must be so constructed that they 
shall be automatic in action, not stopping between 
points when started, and must prevent an arc be- 
tween the points under all circumstances. They 
must indicate, upon inspection, whether the current 
be “on” or “off.” 

34 . The general method of installing arc-lighting wires 
is similar to that used in other open work, except that the 
wires must be rubber-covered and mounted at least 8 inches 
apart. They must also be very thoroughly protected against 
accidental contact with anything not intended to connect 
with them. The following rules apply to the installation of 
the wires: 
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Wires for Use on Constant-Current Series- Arc 

Systems — 

a. Must have an approved rubber insulating 
covering. 

b. Must be arranged to enter and leave the build- 
ing through an approved double-contact service 
switch, mounted in a non- combustible case, kept 
free from moisture and easy of access to police or 
firemen. So-called ‘‘snap switches” must not be 
used on high-potential circuits. 

c. Must always be in plain sight and never 
encased except when required by the lUvSpection 
Department having jurisdiction. 

d. Must be supported on glass or porcelain insu- 
lators, which separate the wire at least 1 inch from 
the surface wired over, and must be kept rigidly dX 
least 8 inches from each other, except within the 
structure of lamps, on hanger boards, in cut-out 
boxes, or like places, where a less distance is neces- 
sary. 

c. Must, on side walls, be protected from 
mechanical injury by a substantial boxing, retaining 
an air space of 1 inch around the conductors, closed 
at the top (the wires passing through bushed holes), 
and extending not less than 7 feet from the floor. 
When crossing floor timbers in cellars or in rooms, 
where they might be exposed to injury, wires must 
be attached by their insulating supports to the 
under side of a wooden strip not less than ^ inch in 
thickness. 

The size of arc wires must not be smaller than that 
required by the Underwriters for the current used; but the 
wires should be much larger, on account of the loss in the 
lines and for mechanical strength. They should be of the 
same size as the wires used by the lighting company in its 
outside work, but must be rubber-covered, not weather- 
proof. 

25 . The tendency is to connect more and more arc 
lamps on a series circuit. In the early days of electric 
lighting, arc machines were made to operate 1, 2, or 3 
lamps. The number was increased to 30 or 50, and finally 
to 60, where the limit remained for a few years. But 
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machines are now built to operate as many as 125 lamps on 
a single circuit, and are in quite general use, although the 
Underwriters prohibit the bringing of circuits of more than 
3,500 volts (70 series-arc lamps) within buildings. With 
45 volts at the arc and 5 volts lost on the line for each lamp, 
we have on a 125-lamp machine a total potential difference 
of 6,250 volts. A shock received through the human body 
from such a circuit is almost sure to be fatal. Too much 
care cannot be taken not only to insulate the wires and 
locate them out of reach, but also to insulate the lamps. 
They should be hung from insulated supports, and not 
hooks screwed into the ceiling. 

Hanger Boards — 

Must be so constructed that all wires and current- 
carrying devices thereon shall be exposed to view 
and thoroughly insulated by being mounted on a 
non-combustible, non-absorptive, insulating sub- 
stance. All switches attached to the same must be 
so constructed that they shall be automatic in their 
action, cutting off both poles to the lamp, not stop- 
ping between points when started, and preventing 
an arc between points under all circumstances. 

Arc liamps — 

a. Must be provided with reliable stops to pre- 
vent carbons from falling out in case the clamps 
become loose. 

b. Must be carefully insulated from the circuit 
in all their exposed parts. 

c. Must, for constant-current systems, be pro- 
vided with an approved hand switch, also an auto- 
matic switch that will shunt the current around the 
carbons, should they fail to feed properly. 

The hand switch to be approved, if placed any- 
where except on the lamp itself, must comply with 
requirements for switches on hanger boards. 

d. Must be carefully isolated from inflammable 
material. 

e. Must be provided at all times with a glass 
globe surrounding the arc, securely fastened upon 
a closed base. No broken or cracked globes to be 
used. 
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/, Must be provided with a wire netting (having 
a mesh not exceeding inches) around the globe, 
and an approved spark arrester, when readily inflam- 
' mable material is in the vicinity of the lamps, to 
prevent escape of sparks, melted copper, or carbon. 

It is recommended that plain carbons, not copper 
plated, be used for lamps in such places. 

Arc lamps, when used in places where they arc exposed 
to flyings of easily inflammable material, should have the 
carbons enclosed completely in a globe in such manner as to 
avoid the necessity for spark arresters 

For the present, globes and spark arresters will not be 
required on so-called “inverted-arc” lamps, but this type of 
lamp must not be used where exposed to flyings of easily 
inflammable materials 

g. Where hanger boards are not used, lamps 
must be hung from insulating supports other than 
their conductors. 

Ji. Spark arresters must so close the ujiper orifice 
of the globe that it will be impossible for any sparks 
thrown off by the carbons to escape. 

36. Incandescent Jjitnips on Series Circuits. — The 

use of incandescent lamps ('onnected in series for street 
lighting is quite extensive, but such lamps are rarely brought 
inside of buildings. When they are, the rules for other 
classes of high-potential work apply, as well as the following: 

^Incandescent Tramps on Scries Circuits — 

a. Must have the conductors installed as required 
by the rules for constant-current arc-lamp wiring 
and each lamp must be provided with an automatic 
cut-out. 

b. Must have each lamp suspended from a 
hanger board by means of rigid tube. 

c. No electromagnetic device for switches and 
no system of multiple-series or series-multiple light- 
ing will be approved. 

d. Under no circumstances can they be attached 
to gas fixtures. 

Incandescent lamps used on series circuits must be designed 
and provided with fittings designed for that purpose. The 
rule against series-multiple connections means that a con- 
nection such as ten 52-volt lamps in multiple must not be 



CtJRRElS^T REQUIRED BY 


20 


INTERIOR WIRING. §28 


« 

0 

H 

0 





(y3 

Oi 

rH 


CO 













§ 

iO) 

rH 

02 


CD 

Oi 

02 

2> 

02 

CO 

30 

02 

2^ 


CD 

CO 








rH 

rH 

02 

CO 

hH 

30 

2:- 

O 

30 

O 















rH 

tH 

02 


CO 


2 ^ 

50 

CO 














(D 

> 

CO 

50 

Oi 

30 

02 

30 

00 

rH 

2^ 

2> 

CO 

CO 

CD 

30 

O 


ra 

o 

<M 




rH 

02 

02 

CO 

30 

2> 

o 

rH 


CO 

30 

2> 


XI 

Ah 










rH 

rH 

rH 

02 

CO 

hh 


1) 


















(L> 

U 

X3 

> 

'-+< 


















2> 

CO 

Oi 

O 


O 

CD 

02 



CD 

CD 

02 

o 

o 

tc 


o 


rH 

rH 

CO 


30 

iC- 

O 

30 

O 

CO 

30 

2>' 

rH 


p< 










rH 

rH 

02 

02 

CO 


2-- 

Oi 

0 


















H 


















O 


> 


»o 

30 

»o 

rH 














rH 

o? 

CO 

30 

00 

O 

30 

Oi 

Oi 

Oi 

30 

00 

O 

30 

o 


'O)' 

© 






rH 

rH 

rH 

02 

CO 


CD 

Oi 

CO 

00 


lio 















rH 

Pd 

*> 



































D 



o? 


rH 













U 




















CO 

iO 

00 

CO 

Oi 

02 

CO 


2> 

05 

02 

-+l 


00 

Oi 

0 

01 

x; 

o 

03 




rH 

tH 

02 

CO 


CD 

CO 

O 

30 

o 

o 

O 

S 











rH 

rH 

02 

CO 



Ah 

















§ 

O 

> 

















H 


O 

1-1 

CD 

CD 

00 

-H 

CD 

00 

-H 

00 


00 

00 

CD 

00 

H 


o 


rH 

rH 

02 

CO 


CD 

GO 

CO 

2r- 

o 

o 

o 

tH 

rH 












r-l 

rH 

02 

CO 


CD 

00 



> 

rH 

CO 

30 















o 

lO 

CO 

»o 

2:- 

rH 

CO 

rH 











oi 




rH 

tH 

02 











Cfi 


















c^ 


















X! 

Ah 

> 

















O ' 

o 


02 

?- 

CD 

^^- 

?>► 












03 

Oi 


rH 

rH 

02 

CO 






























*(/: 

> 

-f 


■-H 

02 














o 

rH 

02 

CO 

30 

£- 

Oi 






























> 

o 


o 

CO 














03 

CO 

30 

00 

CO 


30 

CO 

O 

CD 

rH 

02 

02 




O 





rH 

tH 

02 

CO 

30 

CD 

GO 

02 

CD 

'4i 

02 


iO 












rH 

rH 

02 

CO 

PS . 
oS ^ 

. 


lO 

lO 














S ^ 

















Vg 




CO 

CO 

O 

O 

00 

CD 

30 

CO 

rH 


CD 

00 

30 

2:^ 

O? 



r-i 

02 

CO 

CO 

*o 

i- 

rH 

30 

GO 

21'- 

CD 

30 

CO i 

o 

oi 









rH 

rH 

rH 

02 

CO 

30 

2:- , 

w 



































> 

a; 

2- 

CD 

O 

O 

CD 

02 

o 

CD 

02 

00 

02 

CD 

O 

i 

Q 



rH 

02 

-H 

CD 

i- 


30 

02 

O 

CD 

30 

CO 

rH 

2> 









rH 

rH 

02 

CO 

CO 

30 

2h 

rH 



















i 
















rH 

rH 

Ah* 


tH 

02 

CO 

30 

Hw 

2> 

o 

30 

o 

O 

o 

o 

30 

o 

O 

O 

u 

J 







tH 

rH 

02 

CO 


30 

2h 

o 

30 

o 

11 w 














rH 

rH 




§28 


INTERIOR WIRING. 


21 


placed in series with a lO-ampere arc-lighting system. The 
burning out of 1 or 2 incandescent lamps on such a system 
would throw too much current on the others, burn them 
out, and destroy the sockets. Many other reasons forbid 
such connections. 


WIRING I OR ELECTRIC MOTORS. 

27 . The wireman is frequently called upon to connect 
up motors. These are nearly always operated at constant 
potential, and the wires are installed as for other wiring of 
this kind. They are usually operated on 110, 220, or 
500 volts direct current or on similar voltages alternating 
current. Alternating-current motors are usually run on 
either the two- or three-phase system. Care should be 
taken to see that the interior wiring has sufficient capacity, 
and in order to determine this, the current taken by the 
motor at full load should be known. 

It is well to allow a liberal amount of current for small 
motors, because of their low efficiency. The efficiency of a 
large motor can be learned from the manufacturer; and high- 
grade, high-priced machines are more efficient than cheap 
ones. This is a most important consideration to the pur- 
chaser. For the purposes of wiring, however, it is safe to 
figure 90 per cent, efficiency for motors over 10 horse- 
power in capacity, 85 per cent, for motors of 5 horsepower 
or over, 80 per cent, for motors of 2 horsepower or over, 
75 per cent, for motors of 1 horsepower, and lower efficien- 
cies for motors of smaller sizes. There are 740 watts to a 
horsepower. Alternating-current motors take somewhat 
more current for the same output than those operated on 
direct current. The accompanying table gives the approxi- 
mate value of the current in the lines for motors of various 
sizes and voltages. These figures would vary somewhat in 
individual cases, because the efficiency and other character- 
istics of motors vary considerably. The current taken by 
a motor at full load is usually given by the makers on the 
name plate of the machine. If it is not given, the table will 
serve as a guide in determining the size of wire to be used. 
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After the full-load current of the motor has been deter- 
mined, the size of the wire is arrived at in the same way as 
if the wiring were being done for lights. 

38, Motors should not have much drop in the wiring, or 
they will not regulate properly; but drop upon motor cir- 
cuits does not affect motor regulation to the same extent as 
drop on lighting circuits affects the light. The following 
rules relate to the installation of motors: 

Motors — 

a. Must be insulated on floors or base frames, 
which must be kept filled to prevent absorption of 
moisture, and must be kept clean and dry. Where 
frame insulation is impracticable, the Inspection 
Department having jurisdiction may, in writing, 
permit its omission, in which case the frame must 
be permanently and effectively grounded. 

A high-potential machine which, on account of great 
weight or for other reasons, cannot have its frame insulated, 
should be surrounded with an insulated platform. This may 
be made of wood mounted 'on insulating supports and so 
arranged that a man must stand upon it in order to touch 
any part of the machine. 

In case of a machine having an insulated frame, if there 
is trouble from static electricity due to belt friction, it 
should be overcome by placing near the belt a metallic comb 
connected to the earth or by grounding the frame through 
a very high resistance of not less than 200 ohms per volt 
generated by the machine. 

b. Must be wired under the same precautions as 
required by rules for wires carrying a current of the 
same volume and potential. 

The leads or branch circuits should be designed to carry 
a current at least 50 per cent greater than that required by 
the rated capacity of the motor to provide for the inevitable 
overloading of the motor at times without overfusing the 
wires. 


c. The motor and resistance box must be pro- 
tected by a cut-out and controlled by a switch, said 
switch plainly indicating whether “on” or “off.” 
Where ^ horsepower or less is used on low-tension 
circuits, a single-pole switch will be accepted. The 
switch and rheostat must be located within sight 
of the motor, except in such cases where special 
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permission to locate them elsewhere is given, in 
writing, by the Inspection Department having 
jurisdiction. 

d. Must have their rheostats or starting boxes 
located so as to conform to the requirements of 
other resistance boxes. 

In connection with motors, the use of circuit-breakers, 
automatic starting boxes, and automatic underload switches 
is recommended, and they must be used when required. 

€. Must not be run in series-multiple or multiple- 
series, except on constant-potential systems, and 
then only by special permission of the Inspection 
Department having jurisdiction. 

/. Must be covered with a waterproof cover 
when not in use, and if deemed necessary by the 
Inspection Department having jurisdiction, must be 
enclosed in an approved case. 

From the nature of the question the decision as to what is 
an approved case must be left to the Inspection Department 
having jurisdiction to determine in each instance 

g. Must, when combined with ceiling fans, be 
hung from insulated hooks, or else there must be 
an insulator interposed between the motor and its 
support. 

h. Must each be provided with a name plate, 
giving the maker’s name, the capacity in volts and 
amperes, and the normal speed in revolutions per 
minute. 

29. Motor starting boxes with automatic release, to 
open the circuit if the motor is overloaded or if the current 
is cut off for any reason, such as the opening of the main 
switch, have come into very general use. They are a very 
great protection to the motors, and are much more conveni- 
ent than the old starting boxes. Automatic circuit-breakers 
can be installed to answer very nearly the same purpose. 

The Underwriters’ rules prohibit the operation of motors 
or lights from street-railway circuits, except in street cars, 
car barns, or railway power houses. The reason for this is 
that one side of a railway system is grounded to the rails, 
and the installation of motors or lights would always intro- 
duce more or less fire risk. 
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BELi^ wiRma. 

30 . Electric bells, burglar alarms, and electric gas- 
lighting appliances bring in another class of wiring with 
which the wireman has to deal. If these appliances are put 
in properly, they may be a great convenience; if not, they 
are continually getting out of order and may prove to be a 
regular nuisance. This class of work is often slighted and 
put up in a cheap manner, but it will pay in the end to 
have it put up carefully. The bells and annunciators which 
show from what point the bell was rung are operated by 
primary batteries, which are of low voltage, and no fire 
hazard is introduced if the bell wires are kept well separated 
and insulated from electric light and power wires. 


THE EEECTIIIC BELL. 

31 . The electric bell is a very simple piece of apparatus. 
In Fig. 5 is shown a type of skeleton bell, in which all the 
parts are visible. The battery wires 
are connected at the terminals /, 
and the course of the current is as 
follows: From the terminal t to the 
adjustment screw j, which is tipped 
with platinum in order to prevent 
oxidation of the contact surface, 
through the .spring / and the end p 
of the armature to the coils of the 
magnets m\ and out at the ter- 
minal When no current is pass- 
ing, the armature is held away from 
the poles of the electromagnets, as 
in the position shown, but as soon as 
a battery circuit is closed and a cur- 
rent sent through the coils, the mag- 
nets become energized and attract 
the armature a, which swings about the pivot /, causing the 
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hammer h to strike the bell. This movement breaks the 
circuit between s and /, and the iron cores being thereby 
demagnetized, the spring c draws the armature away, when 
the spring I again touches the screw completing the cir- 
cuit. As long, then, as the battery current is free to flow, 
this vibration of the armature and hammer will continue. 
The tension of the release spring c may be changed to suit 
the strength of the battery by means of the regulating 
screw r, which is provided with nuts for this purpose on each 
side of the supporting pillar. The bell mechanism is usually 
enclosed to prevent entrance of dust or insects, which may 
interfere with the working of the bell by lodging on the 
contact points, thereby preventing the current from passing 
through the magnets. 

33* The bell just described is of the common vibrating 
class. When a bell is required to give a single stroke each 
time the circuit is closed, that is, for each pulsation of cur- 
rent, a slight difference in the connection of the ordinary 
bell is necessary. A wire is connected between the end of 
the magnet coil in and the terminal /, so that the circuit is 
simply from one terminal to the other through the coils. 
Hence, when a current passes through the coils, the arma- 
ture is attracted and held, a single stroke being given to the 
bell; on interrupting the current, the armature is drawn 
back to its normal position by the spring c. 

33. The buzzer, shown in Fig. G, is used in places where 
an electric bell would be undesirable, as in small, quiet 
rooms or on desks, and is constructed on the same principle 
as the bell except that the armature does not carry a ham- 
mer. In the illustration, the cover c is removed, showing 
the magnet coils in' and the armature a. An adjusting 
screw s is provided to regulate the stroke of the armature 
and the consequent intensity of sound. The wires from the 
push button and battery are secured at d and c, and on clo- 
sing the circuit, the rapid vibration of the armature causes 
a humming or buzzing sound, whence the name. 
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Buzzers are generally used for signaling between the 
dining room and kitchen, as a bell usually makes too much 
noise for this purpose. 



Fig. 0. 


34. The circuit-closing devices used on bellwork usually 
take the form of a piisli button. These are made in all 

sorts of styles. The very cheap 
ones are seldom satisfactory. 
Bronze push buttons should be 
used where exposed to the 
weather. Fig. 7 shows the or- 
dinary round push button. The 
wires enter through holes in the 
base and attach to springs b and 
c. The cover d screws on, and 
when c is pushed, b and c come 
together, thus completing the 
circuit. 

One cell of any good type of 
battery will ring a good bell over 
a short length of wire, but it is never advisable to rely upon 
less than 2 cells even on the smallest installations. When sev- 
eral cells are connected together to form a battery, the zinc 
of one must be joined to the carbon of the next and the free 
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terminals at the ends of the row of cells connected to the 
line wires. 

35. Electric bells can be had of all sizes, from mere 
tinklers up to the largest fire gongs. Very cheap bells 
should not be used. They require much battery power, 
and soon get out of order. Trouble is usually found first at 
the contact points or the armature pivot. Contact points 
should be tipped with platinum or silver; platinum being 
much the better material for this purpose, as it never cor- 
rodes or tarnishes, but it is more expensive than silver, 
which is much used. 

36. In an ordinary dwelling there are usually not less 
than three electric bells, one located at a convenient point 
in the hall with a push button at the front door; one in the 
kitchen with a push at the back door, and one, a buzzer, 
located in the kitchen with a push in the dining-room floor. 
These bells may all be operated by the same battery. The 
battery should be placed in a cool place, but where it never is 
cold enough to freeze; preferably in the cellar, where the 
air is not so dry that the water in the cells evaporates rapidly. 
Cells should not be allowed to become dry. Water should 
be added from time to time so as to keep the level of the 
solution up to the proper height, which is usually marked 
on the glass jar. 


BATTKKIES. 

37. Many different types of cell are manufactured that 
are suitable for bellwork. Most of those used for bellwork 
are of the open-circuit type. They are intended to furnish 
current for short intervals only and will run down if used 
continuously. Crosses between the wires or grounds will 
often cause the cells to run down rapidly. Most of these 
cells will recover to a certain extent if allowed to stand for 
a while on open circuit, but they should never be allowed 
to become short-circuited if it is possible to avoid it. 
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The cells in ordinary use on bellwork have electrodes of 
zinc and carbon and contain a solution of sal ammoniac 
(ammonium chloride). Sometimes they also contain a 
“depolarizing” agent, such as manganese dioxide. The 
effectiveness of a carbon-zinc cell depends largely on the 
materials of which the carbon element is made and the skill 
used in its manufacture. Burning the carbons too much or 
too little in the process of manufacture makes them inferior. 
Some manufacturers make inferior carbons and then treat 
them with sulphuric acid, to make them operate with vigor 
when first installed. Such cells soon become polarized, and 
in the course of a few weeks or months are very inferior, 
not because of the acid so much as because of the poor 
quality of the carbon. 

Where batteries are to stand considerable use, cells with 
depolarizing agents must be employed. Where batteries 
are worked very severely, being in almost constant use, 
more expensive cells must be employed. Where there are 
facilities for charging, storage batteries are very convenient 
for this kind of work. Dry cells are used to a considerable 
extent in connection with light bellwork and portable elec- 
trical devices. There are many varieties of electric cells, 
some of which are very useful and economical, but they all 
require more or less care. The study of the merits and 
demerits of these devices is not within the scope of this 
Course. 

38. The Declanche Cell.— -Fig. 8 shows a type of cell 
that has been largely used for bellwork. It consists of 
a porous cup P, containing the carbon electrode C, to which 
a binding post B is attached ; also a zinc rod both being 
enclosed in a glass jar with a contracted top. The zi^c rod 
is provided with a binding screw which serves as the 
negative terminal of the cell, B being the positive terminal. 
Before the battery will furnish current, the jar must be 
filled to the point shown in the cut with a saturated solu- 
tion of sal ammoniac, and in connecting up, the zinc of one 
jar is joined by a short piece of wire to the carbon of the 
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next. This gives the series grouping, which is usually- 
required in bellwork. When, after considerable use, the 
current from the cells becomes feeble, it will be necessary to 
replace the liquid, but it 
frequently happens that 
the power may be restored 
by the addition of a lit- 
tle water to make up 
for evaporation. The zinc 
will in course of time be 
consumed, and must be 
replaced, and the sal am- 
moniac may also be re- 
newed at the same time, 
although it should last 
longer than a single zinc 
rod of * the usual size 
(f inch diameter). After 
five or six rods have been 
used, the material inside 
the porous cup will no 
longer act effectively, and 
this means practically a 
new carbon and cup, since they may be procured very cheaply. 
In the case of renewal of a large number of cups, they may 
be returned to the manufacturer and recharged by him. 

39. Carbon cylinder cells are a modified form of the 
Leclanche. Sal ammoniac is used as the exciting fluid, or 
electrolyte, but the porous cup is omitted. In its place a 
carbon cylinder is used that presents a large surface, and 
hence makes the cell have a low internal resistance. 


ifc B, 



Fig. 8. 


AKKrUNCIATORS. 

4X>. When a number of push buttons are installed, it is 
necessary to have an indicating arrangement to show from 
which button the bell is rung. The instrument used is 
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called an aiiniiiiciator. One ordinary house style is shown 
in Fig. 9. On the face are rows of small windows, before 

one of which an indica- 
tor appears when the 
bell rings, showing from 
which room the signal 
has been sent. A han- 
dle Ji at the side is 
intended to be used to 
restore the indicators to 
t h e i r normal position 
when the call is answered. 
A viev/ of the indicator 
itself is given in Fig. 10. 
A hinged arm a carries a 
card bearing the name 
or number of the room 
to which the drop is con- 
nected, and is held up in 
the position shown by a 
counterbalanced trip i in 
front of an electromag- 
net As soon as the current passes through the electro- 
magnet, the trip is attracted and the indicator falls, being 
then visible from the outside 
through one of the openings 
in the front. 

41. The needle annmici- 
ator, Fig. 11, is a style much 
used in hotels and for eleva- 
tors. The current on passing 
through the electromagnet of 
an indicator attracts a pivoted, 
iron armature carrying a pointer P on the outside dial, 
causing it to set in an oblique position, in which it is held 
by a catch until released by pressing the knob k below the 
case. Annunciators may be obtained in almost any desired 
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finish and for any number of drops. One type that has 
lately become very popular is the self- 
restoring annunciator. In the ordinary 
instrument the drops must always be put 
back after a call comes in. Sometimes this is 
not done, and consequently one is at a loss to 
know, when several are down, which button 
has been pushed. Self-restoring annunci- 
ators are constructed so that when a button 
is pushed, its corresponding drop falls and 
remains down until the next call is sent in. 

This operates a magnet that moves the 
restoring device and resets the first drop. 

Self-restoring annunciators are somewhat 
more liable to get out of order than the 
simple kind and some of them require more 
battery power. They are, however, a great 
convenience, and are rapidly finding favor. 

They are wired up to the buttons in the same 
way as an ordinary annunciator, as the restoring device is 
wholly within the annunciator itself. 

BlIKKING UEin. WIRE. 

4 : 3 . There are no regulations governing the insulation 
used on bell wire. That generally used is known as annun- 
ciator wire and is usually No. 16 or No. 18 B. & S. copper- 
covered, with two wrappings of cotton treated with paraffin. 
This wire is cheap, but it is not moisture-proof, and the 
insulation does not adhere very firmly to the wire. How- 
ever, it will work satisfactorily if it is carefully put up and 
is run in a dry place. For really good work, weather-proof 
o^ce wire should be used. The insulation on this wire is 
heavier than on the annunciator wire and adheres firmly , 
it is also damp-proof. If it is necessary to run bell wires 
where they will be exposed to considerable moisture, the best 
plan is to use rubber-covered wire. 

The size of wire used is generally No. 16 or No. 18 B. & S 
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It will pay to use nothing smaller than No. 16, because the 
cost is very little more and the line resistance is thereby 
reduced. Also the batteries work to better advantage and 
the line is mechanically stronger. For the main-battery wire 
in large installations, No. 14 may be used to advantage. 

Bell wires are often stapled to woodwork, especially when 
bells are installed in old houses. If any stapling is done, 
care should be exercised not to drive the staples so hard that 
they cut through the insulation and break the wire. Do not 
fasten two wires down under the same bare staple. Special 
staples, using a small saddle of leather between the wire and 
the top of the staple, are made for this work. When bell 
wires are run in new buildings, they may usually be run 
through holes in the beams, and they should be grouped 
together as much as possible. By doing this, the wires are 
run in an orderly manner and very little stapling is needed. 

In the. best class of work, bell wires are sometimes run in 
conduits, but no matter how they are run, all circuits should 
be carefully tested out after they are put up to make sure 
that there are no grounds, breaks, or crosses. See that all 
bell wires are kept well away from electric-light wires. 


BEI.I. AND ANNIJNCIATOK CIRCUITS. 

4 : 3 . Simple Bell Circuit. — A simple bell circuit is 
shown in Fig. 12. A battery of two Leclanche cells c con- 
nected in series furnishes 
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current to the bell b, 
located at any part of 
the house, and the push 
button p is placed at 
any convenient point. 

44. Two Bells Oper- 
ated From One Point. — 
It is frequently necessary 
to ring two or more bells 
from one push button. 
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This may be accomplished by one of two methods. One is 
to connect the bells in multiple arc across the leads, as in 
Fig. 13, so that each one 
is independent of the 
others, the bells <7, b be- 
ing on separate branches. 

The battery B is repre- 
sented in this diagram 
in the manner generally 
adopted, the fine line indi- 
cating the carbon of the 
cell and the heavy line 
the zinc. The other meth- 
od, making use of a series 
arrangement, is shown in Fig. 14. This is often preferred 
to the first method, because there is usually a saving of 

wire in its use, but it is 
necessary to change all 
but one of the bells to 
single stroke. The reason 
for this is that, unless the 
bells were exactly similar 
in their adjustment, the 
period of vibration, or rate 
of swing, of the armatures would be different, and the inter- 
ference would prevent satisfactory ringing of the bells. If, 
however, one bell is free to vibrate and the rest are all 
changed to single stroke, very little adjustment of each one 
will be required to produce 
a strong clear ring. 

45. One Bell Operated ^ — 

From Two Points. — When 
it is desired to ring a bell 
from two different places, 
a simple series circuit can- 
not be used, because there 
would be a break at each 





Fig. 15. 
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push button and a current would not flow unless both but- 
tons were pressed at once. The second button must then 

be in parallel to the first, as 
in Fig. 15, so that whichever 
button p or is pressed. 






the circuit through the bell b 
and battery jS’ is completed. 




FIO. 16. 


46 . Figs. 16 and 17 
show two arrangements of 
wiring for ringing two bells 
simultaneously from three 
different points. The bells 
b are connected in parallel in Fig. 16, but they may be 
put in series, if desired, as in Fig. 17, provided one of them is 
changed to single stroke. In the case of an actual installa- 
tion, it might be necessary 
to run the wires in some 
other manner than as here 
laid out, depending on the 
construction of the build- 
ing; but, from the direc- 
tions already given, it 
should be an easy matter 
to devise the best ar- 
rangement. The choice be- 
tween series and parallel connection of the bells will depend 
on which is more economical in copper for the line wires. 

Placing the bells in multiple requires a larger volume of 
current to be supplied than when they are in series, because 
the total current subdivides among all the bells. This calls 
for a large battery and large wires. When the branch 
circuit containing one bell is very much longer, and hence 
of higher resistance than the branch containing another 
bell, the current will not divide equally between the two 
bells, and hence the parallel arrangement may not be satis- 
factory in such cases. Placing the bells in series requires an 
additional cell or two, but no larger wire is required, 
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47 . Wiring for Tliree Bells and Tliree Pusli But- 
tons. — Fig. 18 shows a plan of wiring that is often used for 


Front Door Be// Bear Door Belt 



Fig 18 


the bell system in a small dAvelling where no annunciator 
is used. 

48 . Wiring for Simple Annuneiator. — A wiring dia- 
gram for a simple annunciator system is shown in Fig. i<J. 
The pushes 1, 2, S, etc. are 
located at convenient points 
in the various rooms, one 
terminal being ('onnected 
to the battery wire i? and 
the other to the leading 
wire / communicating with 
the annunciator drop corre- 
sponding to that room. The 
battery wire is run from 
one pole of the battery direct 
to one side of each of the 
pushes. The other side of 
each push is then connected 
to its drop on the annun- 
ciator. A battery of three or four Leclanche cells is placed 
at B in any convenient location, but should not be set in a 
dark or inaccessible spot or be exposed to frost. 

J. IL~-2i 
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49 . Wiring for Return-Call Annunciator. — In Fig. 20 
is illustrated a return-call system requiring one battery 

wire p h b, one return wire r, 
and for each room one 
leading wire etc. The 
annunciator board is di- 
vided into two parts, the 
» upper part having the num- 
bered drops and the low- 
er the return-call pushes. 
Each room is provided with 
a double-contact push, such 
as that shown in Fig. 21. 
The tongue t makes con- 
nection normally with the 
upper contact r, but when 
pressure is put on the but- 
ton the tongue is forced 
against the lower contact c' , 
The return-call pushes on 
the lower board of the an- 
nunciator are of the same 
description. In Fig. 20 all 
these pushes are shown diagrammatically, for convenience 
in tracing out the circuits. The closure of the circuit in any 
room, as, for example, No. releases the corresponding drop 
and rings the office bell f. The path of the current is then 
from the push If. through 
c-d-e-f-g-B-h-o^ and back 
to the lower contact of the 
push button. On the return 
signal being made from the 
office, the annunciator-bell 
circuit is broken at and, 
the push button in the room 21 . 

being released, a new circuit is formed through as follows: 
from the battery B through g-m-r-n-o-a-c-k-p to the bat- 
tery, the room bell being in this circuit. 
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60 . In installing annunciator systems, it is usual to 
run the battery wire, which is No. 14 or 16 annunci- 
ator wire, through the building at some central portion. 
If there are many rooms, it will be advisable to splice 
on a length of No. 18 wire to extend from the push 
in each room to the battery wire. The connection from 
the other side of the push button to the annunciator, that 
is, the leading wire, should be No. 18. For the return- 
call system, a battery of four or five Leclanche cells is 
required. 

All wires used in annunciator service should have dis- 
tinguishing colors to prevent confusion. 

The battery wire may be blue, the 
return wire red, and the leading wires 
white. This arrangement will greatly 
simplify the connections and reduce the 
liability of mistake. 

51 . Wiring for Elevator Animnel- 
ator. — The wiring for an elevator annun- 
ciator does not differ greatly from that 
of a simple annunciator; in fact, the 
scheme of connections is essentially the 
same. A battery wire Fig. 22, is run 
up the shaft and connected to each push 
button on the different floors. The return 
wires from each button are then carried 
to a point a at the middle of the shaft, 
where they should terminate in a small 
connection board, so that they may be 
readily disconnected from the wires in the 
cable running to the cage c. The wires 
running from the connection board to the 
cage are in the form of a flexible cable, 
which is made especially for this kind 
of work. This cable contains one more wire than there 
are push buttons, because it has to provide for the return 
wire r. 
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SPECIAI. APPLIAN^CES. 

52* Tlie Automatic Drop. — For special alarm purposes, 
it is sometimes desirable that the bell should continue to 
ring after the push is released. This is accomplished by the 
use of an automatic drop, which closes an extra, or shunt, 
circuit as soon as a current passes along the main circuit. 




Fig. 23. 


Fig. 23 shows two views of an automatic drop, A being a 
side elevation and B a front view with the cover removed. 
There are three terminals on the baseboard; those marked a 
and b are connected to tlie ends of the magnet coil, the end 
at b being also connected to the frame f\ terminal c makes 
connection to the spring contact d, which is insulated from 
the frame and all other wires. The bell circuit is closed first 
through a-b by means of the push button; the armature e 

is at once attracted, there- 
by releasing the rod pieces, 
which falls by gravity and 
makes contact with the 
spring establishing a 
circuit between b and r, 
[ which short-circuits the 
push button and magnet 
coil of the drop. 

53. The connections 
for the automatic drop are 
shown in Fig. 24. The 



Fig. 24. 
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circuit obtained, on pressing the push button is from the 
positive pole of the battery B through the push to the 
terminal a of the drop, through the magnet coils to /;, and 
then through the bell to the negative pole of the battery. 
As soon as d falls, the magnet coils are cut out, the current 
being diverted at and passes by way of the new contact 
from c to b, and thence through the bell and back to the 
battery. 

54. Two-Point Hwiteli. — When two bells are arranged 
to ring from one push button, 
it is sometimes desirable to 
cut one of them out during 
some part of the day. For 
this purpose a small switch, 

Fig. 25, is used, by means of 
which one bell, when connected 
in series with the other, may be 
short-circuited. The wires are 
run to the back of the switch, 
one connection being to the lever arm at the other to the 
contact piece b. 

55. Door-Openers. — In apartment houses, banks, and 
other places, it is often convenient to have the latch on a 
door arranged so that the door may be unlocked from some 
distant point. For this purpose rtoor-opeiiers are used. 
These are made in a number of different styles, the mecha- 
nism differing with the different makes In all of them, how- 
ever, the unlocking is effected by means of an electromagnet, 
which is connected to the push and battery in the same way 
as an ordinary bell. 

56. Operating Bell From Elgrhtiiig Circuit.— It is 

sometimes convenient to operate an electric bell from an 
incandescent lighting circuit. This may be done where direct 
current is used to operate the lamps, but if alternating current 
is used, an ordinary bell will work very poorly, if at all. Of 
course, it is necessary to use a resistance in connection with 




40 


iNTEktOR WIRING. 


§28 


the bell in order to limit the current. The amount of resist- 
ance will depend on the kind of bell used, because some bells 
require much more current than others. Incandescent lamps 
make a cheap and convenient form of resistance. Fig. 26 (a) 
shows a bell a and push button ^ in series with 4 lamps / 
across a llO-v^dt circuit. This is the simplest scheme of con- 
nection, but there is apt to be bad sparking at the contacts 
on the bell, because the voltage across the break rises to 




W (bj 

Fir. at). 

110 volts at the instant the circuit is broken. (/;) shows the 
bell shunted across one of the lamj)s, in which case the 
voltage at the break would be much smaller. The operation 
of bells from lighting circuits is not to be recommended 
unless the bell wiring is done as carefully and with a view 
to as good insulation as the light wiring. Ordinary bell 
wiring put up with staples, etc. should not be connected to 
any source of pressure exceeding 10 volts, and it would be 
decidedly unsafe to connect it to a 110-volt circuit. 


BURGEAR ABARM8. 

57. Automatic switches may be placed on windows and 
doors, in connection with alarm bells, to indicate when 
entrance into a building is being forced. There are two 
methods of installing these alarms: the open-circuit and the 
closed-circuit systems. In the open-circuit system, which 
is the one usually employed, the connections are similar to 
those of an ordinary electric-bell circuit, the automatic 
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circuit-closing device being substituted for the push button. 
A window spring used in this system is shown in Fig. 27. 
This is let into the window frame, the cam c alone projecting; 
when the window is raised, the cam is pressed 
in, revolving about the pin /, and makes contact 
with the spring 5, which is insulated from the 
plate by a washer at the lower end and is nor- 
mally prevented from touching the cam by an 
insulating wheel 7V. The wires from the ])ell 
and battery are connected to the plate and 
spring, respectively. The annunciator used is 
much the same as that employed for bellwork, 
but additional, convenient attachments are usu- 
ally placed on it, such as a device to keep the 
bell ringing until the annunciator is reset, a 
clock to conned and disconnect the system at 
certain hours, etc. The annunciator is usually 
equipped with a small button over ea('h drop, 
which when pushed will com])lete the circuit 
and cause the drop to fall if there happens to 
be any door or window open. These are very 
useful for testing out to see if everything is 
closed. All these appliances belong to the an- 
nunciator itself and do not affect the general plan of wiring, 
which is carried out in the same way as for bell wiring. 

58. In the closed-circuit system, automatic switches 
of various styles are used, but the contads are held together 



when the alarm is set, and a movement of the window or 
door breaks this contact. Two batteries are required for 
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this system, one being a closed-circuit gravity battery indi- 
cated at b in Fig. 2B, connected in series with a resistance r 
of about 200 ohms, the magnet coils of the bell and the 
alarm switch s. The armature of the bell is thus held away 
from the back contact c. The open-circuit Leclanche bat- 
tery b' is connected to this contact and to the far terminal 
of the magnet coils; this circuit is therefore normally open, 
but as soon as the main circuit is opened by moving the 
alarm switch, the spring on the armature of the bell presses 
it against the back contact, thereby closing the local circuit 
through the bell. 


•>9, big. 29 shows a crowfoot or ^gravdty cell, the type 
generally used when a small current has to be furnished con- 
tinually. A sheet-copper electrode is placed at the bottom 



of the jar along with 
crystals of copper 
sulphate. A solu- 
tion of zinc sulphate 
covers the zinc, and 
on account of the 
copjKU'-sulphate so- 
lution being more 
dense than the 
other, the two solu- 
tions do not mix, 
h e n c e the name 
gravity battery. 
The top solution 
should l)e drawn off 
from time to time 
and water added. 
If the dividing line 
between the solu- 


Fig. 29. 

as the zinc, a dark deposit 


tions gets up as high 
will be formed on the zinc and 


the battery will become inoperative. This upward diffusion 
of the copper sulphate will occur if the cell is left standing 
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on open circuit. These cells will deliver a small, steady cur- 
rent, but their output is not large and they are rather expen- 
sive to maintain. The closed-circuit burglar-alarm system 
is little used in ordinary work in connection with dwellings. 

It is usual when connec'ting up l>urgiar-alarm annun- 
ciators to group the windows or doors; i. e., the contacts on 
several doors or windows are connected in |>arallel and 
attached to one drop. To j^rovide a droj) for each door and 
window would require too large an annunciator and would 
cost too much for the ordinary run of work. 


ELECTEK^ GAS LTGIlTmG. 

HUKNKHS FOH PAHAin/KL SYSTEM. 

60. In the apj)lication of electricity to gas lighting, a 
spark is caused to jiass between two eondiu'tors, placed near 
the burner, at the same time that the gas is turned on. In 
the parallel system of lighting, 
each burner is indejiendent of all 
the others, having direct con- 
nection between the battery wire 
and ground. dTiree diBerent 
styles of burner are used: the 
pendant.^ the ratchet, and the 
autoinatic Inirner. 

61. The ])eiulant burner 
is shown in Fig. BO, A well- 
insulated wire is brought to the 
burner and secured under the 
head of the screw 5, thereby 
making connectiem to the sta- 
tionary contact piece r, which is 
fastened by a screw / to the 
frame / and insulated from it by 
washers w. On pulling the pend- 
ant r downwards, the spring a 



Fig. 80. 
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is drawn across c, and, on passing off at the upper side, the 
break causes a spark which, when the gas has been turned 
on, will ignite it. 

62. The ratchet burner is very similar to the plain 
pendant, but is provided with a ratchet and pawl operated 
by a pendant, a downward pull turning on the gas at the 
same time that the spark is produced. A second pull extin- 
guishes the gas. 

63. The automatic humer is shown in Fig. 31 with 
the cover removed. Two wires must be provided, running 
from a double push button, one of them leading to the wire a 
and the other to b. The circuit from a is through the left- 

hand magnet coil c to the 
insulated band which 
has a projection e at one 
side. Upon this rests a 
metal rod r, bent at the 
upper end and termina- 
ting in a contact piece; at 
the lower end the rod is 
grounded by connection 
with the frame f. Each 
magnet coil has an arma- 
ture g or g' with a pro- 
jecting finger on the inner 
side. When current is sent 
through the magnet c, the 
armature g is raised and 
turns the gas valve v by 
striking one of the pins. 
At the same time the rod r 
is pushed up, thus breaking the circuit at a point where the 
gas is escaping and producing a spark that will ignite it. 
To provide for certain action, the sparking should continue 
later than the instant of turning on the gas, and this is 
effected by the use of a spring to restore the circuit. The 



Fig. 31. 
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rod r is forced upwards against the spring s, but when the 
circuit is opened at the spark gap, the spring presses the 
rod and armature down again, and the circuit being thereby 
closed, a spark is again produced on opening. This continues 
as long as the push button is pressed, the action being simi- 
lar to that of an electric bell. The second coil h is grounded 
at the inner end, and when a current is sent through, the 
armature g' is raised, turning the valve and cutting off the 
supply of gas. Automatic burners are very convenient 
where it is wished to light or extinguish a gas jet from some 
distant point. They are used principally in hallways where 
it is desired to light or extinguish the gas from any floor. 


AllRANGEMENT OF LIGHTING APPARATtTft. 

64 * To light gas by electricity, a spark of considerable 
intensity must be produced. This can l)e done by means of 
batteries and induction coils or by 
an electrostatic discharger. For 
the parallel system used with the 
burners just described, a spark 
coll is employed to supply a good 
spark. Fig. 32 shows an ordinary 
spark coil. It is made up of an iron core about inch in 



Via. 33. 



Fig. 83. 


diameter and 8 inches long. This core is built up out of 
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soft-iron wire and is wound with 5 or 6 layers of No. 18 mag- 
net wire. The coil k is connected in series with the cells r, 
as indicated in Fig. 33. The battery should have at least six 
cells for satisfactory service. One end of the coil is con- 
nected to the gas pipe /. When the pendant is pulled, the 
tip makes contact and a current is established through the 
circuit. When the circuit is broken, the self-induction of 
coil k causes a bright spark at the break. 

65 . Wires for this purpose are usually run on the out- 
side of the gas fixtures, but they may be concealed if there 
is sufficient room between the fixture shells and the gas 
pipe. It is advisable to use wire provided with good insu- 
lation for this kind of work, for the wires are particularly 
likely to become grounded upon the fixtures to which they 
are fastened. Where fixtures are wired on the outside, the 
wires should be painted or made with the proper colored insu- 
lation, so as not to show; but they must not be painted with 
bronze or metallic paint, which would penetrate the insula- 
tion and cause grounds, unless rubber-covered wire were 
used. 

66 . To make the location of grounds easy, it is advisable 
to run separate wires from a distributing point near the 
battery to each fixture or group of fixtures. The wires 
can be connected together at that point by means of a con- 
necting board, at which any fixture can be disconnected. 
This makes the location and removal of grounds an easy 
matter. Fig. 34 shows the general arrangement of a sys- 
tem using both plain pendant and automatic burners. 
The distributing board is shown at D, The automatic 
burner is provided with a double push button c. When 
the dark button is pressed, the light is extinguished; when 
the light button is pushed, the gas is turned on and 
lighted. 

In the above diagrams the gas pipe has been used as part 
of the circuit. This is done where the fixtures use gas only. 
Where electric light is used on the fixtures, the gas pipe 



§28 


INTERIOR WIRING. 


47 


must not be used as part of the circuit. The connections 
are, however, essentially the same. All that is necessary is 



to use an additional wire instead of the pipe. The following 
Underwriters’ rules relate to gas-lighting wiring in connec- 
tion with electric-light fixtures. 


Electric Gas JJgflitin^^. — 

Where electric gas lighting is to be used on the 
same fixture with the electric light: 

a. No part of the gas piping or fixture shall 
be in electric connection with the gas-lighting cir- 
cuit. 

1), The wires used with the fixtures must have 
a non-inflammable insulation, or, where concealed 
between the pipe and shell of the fixture, the insu- 
lation must be such as recjuired for fixture wiring 
for the electric light. 

c. The whole installation must test free from 
“ grounds.” 

d. The two installation must test perfectly free 
from connection with each other. 
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67. Since the battery is momentarily short-circuited 
every time a spark is obtained, it would soon run down if 
the contacts on the burner were to remain permanently 
touching. To give notice of this, a relay (Fig. 35) may be 
used in series with the battery, the current entering at /^and 
passing out at r, after circulating around the coil. The 
magnetic circuit is completed by an armature which is 
held back against a stop by the weight w when no current 



Fig. 85. 


is passing. If a short circuit occurs, the armature is 
attracted, and the spring d is pressed against the platinum- 
tipped screw .y, completing a local circuit by means of the 
wires r, f through a vibrating bell and one-cell battery. 
The current used in lighting the gas at a burner is of such 
short duration that the bell is not rung. A modification of 
this arrangement is to provide an armature on the spark 
coil itself, which shall close a local alarm circuit when thq 
battery is short-circuited. 
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APPARATUS FOR MUUTIPI^E-UIOHTING SYSTEM. 

68, The multiple, or flash, system of gas lighting is 
used in large halls where many lights are installed in groups. 
A fixed spark gap is used at each burner, both of the points 
being insulated from each other and from the gas pipe, 
except the last point of a series, which 
is grounded. The style of burner used 
is shown in Fig. 30, in which a and b 
are the points of the spark gap. To 
complete the connection between con- 
secutive burners, a fine, bare copper 
wire, about No. 26 gauge, is stretched 
across, being secured through the small 
holes at the lower ends of the strips^, b. 

The body of the burner is made of some 
insulating substance, and a flange of mica nt is added to 
give further protection. Since one circuit may consist of a 
large number of burners, it will be seen that the E. M. F. 
must be very high to force a current across so much air 
space, and to insure success, the wiring must be installed 




Fig. 87. 


with the greatest precaution. The wire should nowhere be 
nearer to the gas pipe than inches; if, however, it is 
necessary to approach more closely, the wire should be 
enclosed in glass tubing. 

The apparatus required for this system of gas lighting 
consists of an induction coil t, Fig. 37, operated by a bat- 
tery B and used with a condenser c across the spark gap of 
the primary /. The condenser cuts down the spark at the 
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circuit-breaker, for this spark would be very destructive 
in the case of a large coil. The fine-wire secondary s is 

grounded at (7, and the other 
terminal is connected to the line 
wire passing to the burners. 

69. Frle ti o 1 1 a I in acli i lies 

are also used in the multiple- 
lighting system. These gener- 
ate static electricity, .and in 
many cases are more reliable than 
induction coils, as there is no 
battery to get out of order. 
One form of this machine is 
shown in Fig. 38. One of the 
terminals / is to be connected 
to the switch handle and the 
other to ground. The ma- 
chine is rotated by means of the 
handle //, and the switch is moved from one contact to the 
next, lighting the gas on each circuit i, Jf. in rapid 
succession. 
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